J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




@ Publication number : 0 672 658 A1 



EUROPEAN PATENT APPLICATION 



(q) Application number : 95301374.5 
(22) Date of filing : 03.03.95 



© int. ci. 6 : C07D 207/16, A61K 31/41, 
C07D 403/12, C07D 401/06, 
C07D 409/12, C07D 401/12, 
C07C 257/18 



(So) Priority : 04.03.94 US 206553 



@ Date of publication of application ; 
20.09.95 Bulletin 95/38 



@ Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IE IT U LU NL 
PT SE 

@ Applicant : ELI LILLY AND COMPANY 
Lilly Corporate Center 
Indianapolis Indiana 46285 (US) 



(72) Inventor : Schacht, Aaron Leigh 
8061 Mallard Landing 
Indianapolis, Indiana 46278 (US) 
Inventor : Shuman, Robert Theodore 
2596 Willow Street 
Greenwood, Indiana 46143 (US) 
Inventor : Smith, Gerald Floyd 
825 Queenswood Court 
Indianapolis, Indiana 46217 (US) 
Inventor : Wiley, Michael Robert 
7725 Langwood Drive 
Indianapolis, Indiana 46268 (US) 

@) Representative : Tapping, Kenneth George et 
al 

Lilly Industries Limited 
European Patent Operations 
Erl Wood Manor 

Windlesham Surrey GU20 6PH (GB) 



(54) Antithrombotic agents. 

@ This invention relates to thrombin inhibiting compounds having the Formula I 

X-Y-NH-(CH 2 ) r -G I 

where X, Y, r and G have the values defined in the description, as well as pharmaceutical formulations 
containing those compounds and methods of their use as thrombin inhibitors, coagulation inhibitors, 
and thromboembolic disorder agents. 
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This invention relates to thrombin inhibitors which are useful anticoagulants in mammals. In particular it 
relates to peptide derivatives having high antithrombotic activity, anticoagulant activity, and oral bioavailability. 

The process of blood coagulation, thrombosis, is triggered by a complex proteolytic cascade leading to 
the formation of thrombin. Thrombin proteolytically removes activation peptides from the Aa-chains and Bp- 

5 chains of fibrinogen, which is soluble in blood plasma, initiating insoluble fibrin formation. 

Anticoagulation is currently achieved by the administration of heparins and coumarins. 
Parenteral pharmacological control of coagulation and thrombosis is based on inhibition of thrombin 
through the use of heparins. Heparins act indirectly on thrombin by accelerating the inhibitory effects of en- 
dogenous antithrombin III (the main physiological inhibitor of thrombin). Because antithrombin III levels vary 

10 in plasma and because surface-bound thrombin seems resistant to this indirect mechanism, heparins can be 
an ineffective treatment. Because coagulation assays are believed to be associated with efficacy and with 
safety, heparin levels must be monitored with coagulation assays (particularly the activated partial thrombo- 
plastin time (APTT) assay). Coumarins impede the generation of thrombin by blocking the posttranslational 
gamma-carboxylation in the synthesis of prothrombin and other proteins of this type. Because of their mech- 

15 anism of action, the effect of coumarins can only develop slowly, 6-24 hours after administration. Further, they 
are not selective anticoagulants. Coumarins also require monitoring with coagulation assays (particularly with 
the prothrombin time (PT) assay). 

Recently, interest in small synthetic peptides that are recognized by proteolytic enzymes in a manner sim- 
ilar to that of natural substrates has grown. Tripeptide aldehydes such as D-Phe-Pro-Arg-H, Boc-D-Phe-Pro- 

20 Arg-H, and D-MePhe-Pro-Arg-H, Bajuszetal., J. Med. Chem ., 33, 1729-1735 (1990) demonstrate potentdirect 
inhibition of thrombin. Early clinical studies which demonstrate that D-MePhe-Pro-Arg-H sulfate is an antico- 
agulant in man have been reported, see Simoons et al., Circulation , 90, 1-231, Abstr. 1241 (1994). Many in- 
vestigators have synthesized analogs in an effort to develop pharmaceutical agents, for example Shuman et 
al., J. Med. Chem. , 36, 314-31 9 (1993). U.S. Patent No. 4,346,078 teaches a series of anti-coagulant peptides 

25 containing an agmatine (1-amino-4-guanidinobutane) group. Agmatine derivatives and related compounds 
also are disclosed in the PCT application with International Publication Number WO 93/11152, as well as in 
European Patent Application, Publication number 601459, published 15 June 1994. Such compounds differ 
from the former series in that the agmatine compounds lack a carbonyl moiety found in similar compounds 
containing an Arg group. 

30 Although the heparins and coumarins are effective anticoagulants, and no drug has yet emerged from the 

known tripeptide aldehydes, and despite the continuing promise for this class of compounds, there exists a 
need for anticoagulants that act selectively on thrombin, and independent of antithrombin III, exert inhibitory 
action shortly after administration, preferably by an oral route, and do not interfere with lysis of blood clots, 
as required to maintain hemostasis. 

35 The present invention is directed to the discovery that the compounds of the present invention, as defined 

below, are potent thrombin inhibitors that may have high bioavailability following oral administration. In addi- 
tion, certain compounds of the present invention also may exhibit inhibition of factor Xa, which is involved in 
the coagulation cascade. 

Accordingly, it is a primary object of the present invention to provide novel peptide derivatives that are 
40 potent thrombin inhibitors useful as anticoagulants. 

Other objects, features, and advantages will be apparent to those skilled in the art from the following de- 
scription and claims. 

The present invention provides a thrombin inhibiting compound having the Formula I 

X-Y-NH-(CH 2 ) r -G I 

45 wherein 

X is prolinyl, homoprolinyl, 
R m -(CH 2 ) g -NH-CH 2 -C(0)-, 



50 
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in which 

R d is carboxy or methylsulfonyl; 

R e is NHR C , NHCOR c or NHCOOR c ; in which 

R c is Ci-Cio alkyl, C 3 -C 8 cycloalkyl or a (C 3 -C 8 ) cycloalkyl (C r C 6 ) alkyl radical of 4-1 0 carbons; 
T is Cg-Cg cycloalkyl, C<|-Cg alkyl, 




a is 0, 1 or 2; and 

Q is -OH, C r C 4 alkoxy, or -NH-A; 

A is hydrogen, C r C 4 alkyl, R"S0 2 -, R"OC(0)-, R"C(0)-, R^C(O)- or -(CH 2 ) g -Rnn; 
g is 1, 2, or 3; 

B is hydrogen or C r C 4 alkyl; 
R' is hydrogen or C r C 4 alkyl; 

R" is C<\-C 4 alkyl, C r C 4 perfluoroalkyl, -(CH 2 )d-R rri , or unsubstituted or substituted aryl, where aryl is 
phenyl, naphthyl, a 5- or6-membered unsubstituted or substituted aromatic heterocyclic ring, having one or 
two heteroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen, or 
a 9- or 10-membered unsubstituted or substituted fused bicyclic aromatic heterocyclic group having one or 
two heteroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen; 

R m is -COOR b , -S0 2 (C 1 -C 4 alkyl), -S0 3 H, -P(O) (OR b ) 2 or tetrazol-5-yl; 

R n is -COOR b or tetrazol-5-yl; 

each R b is independently hydrogen or C r C 4 alkyl; 

d is 1, 2, or 3; 

m is 0, 1 , or 2; 

n is 0, 1, or 2; and 

Z is hydrogen, C r C 4 alkyl, C r C 4 alkoxy, hydroxy, halo or R a S0 2 NH-, where R a is C r C 4 alkyl; 
Yis 



O 



-NR g -CH~-C- 



• N- 



0 

II 

-c- 




in which 



3 
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Ra is C r C 6 alkyl, C 3 -C 8 cycloalkyl, or -(CH 2 )p-L-(CH 2 )q-T'; 

Rp is hydrogen, C r C 6 alkyl, C 3 -C 8 cycloalkyl, or -(CH2)p-L-(CH 2 )q-T'; 

where p is 0, 1 , 2, 3, or 4; L is a bond, -O-, -S-, or -NH-; q is 0, 1 , 2 or 3; and T is hydrogen, C r C 4 alkyl, 
C 3 -C 8 cycloalkyl, -COOH, -CONH 2 , or Ar, where Ar is unsubstituted or substituted aryl, where aryl is phenyl, 
naphthyl, a 5- or 6-membered unsubstituted or substituted aromatic heterocyclic ring, having one or two het- 
eroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen, or a 9- or 
10-membered unsubstituted or substituted fused bicyclic aromatic heterocyclic group having one or two het- 
eroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen; 

Ry is -CH 2 -, -O-, -S-, or-NH-; and 

R z is a bond or, when taken with Ry and the three adjoining carbon atoms, forms a saturated carbocyclic 
ring of 5-8 atoms, one atom of which may be -0-, -S-, or -NH-; 
r is 1 , 2 or 3; and 

G is -(CH 2 ) S -R, where s is 0-5, -CH=CH-(CH 2 ) t -R, where t is 0-3, or G is 




where D and E are each independently N or CH; 

k is 0 or 1 ; 

b is 0 or 1 ; 

M isS, 0,orNH; 

each W is independently N or CH; and 
R is -NH 2 , 

NH NOH NH 

II II II 

-C-NHv , -C-NH 2 , or -NH-C-NH 2 ; 

or G is 
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and wherein one to all of the otherwise unsubstituted carbon atoms of the aromatic or heteroaromatic 
rings of 




may bear a fluoro substituent; 

or a pharmaceutical^ acceptable salt thereof; 
or a pharmaceutically acceptable solvate of said compound or salt thereof; 

provided that A is not hydrogen or t-butyloxycarbonyl when G is -(CH 2 ) S -NH-C(NH)NH 2 , Y is unsubsti- 
tuted prolinyl (Rp is hydrogen), and T is 




Z 



and provided further that R is not amino or guanidino when r=1 and s=0; 

and provided further that A is not hydrogen, C r C 4 alkyl, methylsulfonyl or-(CH 2 ) g -R m when G is -(CH 2 ) S - 
R in which R is 



NH NH 

II I 

-C-NH 2 or -NH-C-NH : 



Yis 




unsubstituted prolinyl (Rp is hydrogen) or 4- hydroxy prolinyl (Rp is OH), R' is hydrogen, T is cyclohexyl and Q 
is -NH-A; 

and provided further that R"S0 2 is not arylsulfonyl when G is -(CH 2 ) S -R in which R is 

NH 

II 

-NH-C-NH, 

Y is unsubstituted prolinyl (Rp is hydrogen) or 4-methyl-thioprolinyl (Rp is -SCH 3 ), and Q is -NH-A; 
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and provided further that A is not R"S0 2 - when G is 



T is C r C 8 alkyl, 




Z 



, and Q is -NH-A. 

A particular group of the above compounds of Formula I consists of those compounds of Formula I wherein 
X is prolinyl, homoprolinyl, 




T is C 3 -C 8 cycloalkyl, C 1 -C 8 alkyl, 




Z 



a is 0 or 1 ; 

Q is -OH, C r C 4 alkoxy, or -NH-A; 

A is hydrogen, C r C 4 alkyl, FTSCV, R"OC(0)-, R"C(0)-, or -(CH 2 ) g -COOH; 
g is 1, 2, or 3; 

B is hydrogen or C r C 4 alkyl; 

R' is hydrogen or C r C 4 alkyl; 

R" is C r C 4 alkyl, C r C 4 perfluoroalkyl, 
-(CH 2 ) d -COOH, or unsubstituted or substituted aryl, where aryl is phenyl, naphthyl, a 5- or 6-membered un- 
substituted or substituted aromatic heterocyclic ring, having one or two heteroatoms which are the same or 
different and which are selected from sulfur, oxygen and nitrogen, or a 9- or 10-membered unsubstituted or 
substituted fused bicyclic aromatic heterocyclic group having one or two heteroatoms which are the same or 
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different and which are selected from sulfur, oxygen and nitrogen; 
d is 1, 2, or 3; 
m is 0, 1 , or 2; 
n is 0, 1, or 2; and 

5 Z is hydrogen, C r C 4 alkyl, (VC4 alkoxy, hydroxy, halo, or R a S0 2 NH-, where R a is C r C 4 alkyl; 

Yis 



10 



O 
II 

-NR a -CH 2 -C- 




15 




in which 

Rs is C^-Cq alkyl, C 3 -C 8 cycloalkyl, or -(CH 2 )p-L-(CH 2 ) q -T'; 
Rp is hydrogen, C r C 6 alkyl, C 3 -C 8 cycloalkyl, or -(CH2) p -L-(CH 2 )q-T'; 
25 where p is 0, 1 , 2, 3, or 4; L is a bond, -O-, -S-, or -NH-; q is 0, 1 , 2 or 3, and T is hydrogen, C^-C 4 alkyl, 

C 3 -C 8 cycloalkyl, -COOH, -CONH 2 , or Ar, where Ar is unsubstituted or substituted aryl, where aryl is phenyl, 
naphthyl, a 5- or 6-membered unsubstituted or substituted aromatic heterocyclic ring, having one or two het- 
eroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen, or a 9- or 
1 0-membered unsubstituted or substituted fused bicyclic aromatic heterocyclic group having one or two het- 
30 eroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen; 
Ry is -CH 2 -, -O-, -S-, or-NH-; and 

R z is a bond or, when taken with Ry and the three adjoining carbon atoms, forms a saturated carbocyclic 
ring of 5-8 atoms, one atom of which may be -O-, -S-, or -NH-; 
r is 1 or 2; and 

35 G is -(CH 2 ) S -R, where s is 0-5, -CH=CH-(CH 2 ) t -R, where t is 0-3, 




where D and E are each independently N or CH; 
50 k is 0 or 1 ; 

b is 0 or 1 ; 

M is S, O, or NH; 

each W is independently N or CH; and 
R is -NH 2 , 

55 
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NH NOH NH 

II « II 

-C-NH : , -C-NH 2 , or -NH-C-NH 2 ? 



10 



15 



or a pharmaceutical ly acceptable salt thereof; or a pharmaceutical ly acceptable solvate of said com- 
pound or salt thereof; 

provided that A is not hydrogen or t-butyloxycarbonyl when G is -(CH 2 ) S -NH-C(NH)NH 2 , Y is unsubsti- 
tuted prolinyl (Rp is hydrogen), and T is 



and provided further that R is not amino or guanidino when r=1 and s=0; 

and provided further that A is not hydrogen, C r C 4 alkyl, methylsulfonyl or -(CH 2 ) g -COOH when G is 
20 -(CH 2 ) S -R in which R is 



25 



NH NH 

II II 

-C-NH 2 or -NH-ONH 2 



Yis 



30 



•N- 



0 

II 

•c- 



unsubstituted prolinyl (Rp is hydrogen) or 4- hydroxy prolinyl (Rp is OH), R' is hydrogen, T is cyclohexyl and Q 
35 is -NH-A; 

and provided further that R"S0 2 is not arylsulfonyl when G is -(CH 2 ) S -R in which R is 



40 



NH 

II 

-NH-C-NHn 



Y is unsubstituted prolinyl (Rp is hydrogen) or4-methyl-thioprolinyl (Rp is -SCH 3 ), and Q is -NH-A; 
and provided further that A is not R"S0 2 - when G is 



45 




50 



N — R 

(CH 2 ) b 



T is C r C 8 alkyl, 
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o-. 



or 
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, and Q is -NH-A. 

In addition to the compounds of Formula I, the present invention provides pharmaceutical formulations 
comprising a compound of Formula I in association with a pharmaceutical^ acceptable carrier, diluent or ex- 
cipient. 

5 The present invention also provides a method of inhibiting thrombosis in mammals comprising adminis- 

tering to a mammal in need of treatment, an antithrombotic dose of a compound of Formula I. 

The present invention further provides a method of inhibiting thrombin comprising administering to a mam- 
mal in need of treatment, a thrombin inhibiting dose of a compound of Formula I. 

This invention relates to new inhibitors of thrombin, pharmaceutical compositions containing the com- 

10 pounds as active ingredients, and the use of the compounds as anticoagulants for prophylaxis and treatment 
of thromboembolic diseases such as venous thrombosis, pulmonary embolism, arterial thrombosis, in partic- 
ular myocardial ischemia, myocardial infarction and cerebral thrombosis, general hypercoagulable states and 
local hypercoagulable states, such as following angioplasty and coronary bypass operations, and generalized 
tissue injury as it relates to the inflammatory process. 

15 The term "alkyl" by itself or as part of another substituent means a straight or branched chain alkyl radical 

having the stated number of carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl 
and sec-butyl. The term "perfluoroalkyl" by itself or as part of another substituent means a straight or branched 
chain alkyl radical having the stated number of carbon atoms in which each hydrogen atom is replaced with a 
fluorine atom such as trifluoromethyl, perfluoroethyl, pe rf I uoro- n-propyl, perfluoroisopropyl, perfluoro-n-bu- 

20 tyl, perfluoro-t-butyl, perfluoroisobutyl and perfluoro-sec- butyl. 

The term "C 3 -C 8 cycloalkyl" refers to the saturated alicyclic rings of three to eight carbon atoms such as 
cyclopropyl, methylcyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 4-methylcyclohexyl, cyclooctyl, and the 
like. 

The term "alkoxy" means a straight or branched chain alkyl radical having the stated number of carbon 
25 atoms bonded to the parent moiety by an oxygen atom. The term "halo" means chloro, fluoro, bromo or iodo. 
The term "acetyl" means CH 3 -C(0)-. The term "t-butyloxycarbonyl" means (CH 3 ) 3 C-0-C(0)- and is abbreviated 
"Boc". The term "benzyloxycarbonyl" means C 6 H 5 CH 2 -0-C(0)- and is abbreviated "Cbz". 

The term "5- or 6-membered heterocyclic ring" means any 5- or 6-membered ring that will afford a stable 
structure containing one or two nitrogen atoms; one sulfur atom; one oxygen atom; one nitrogen and one sulfur 
30 atom; or one nitrogen and one oxygen atom. The 5-membered ring has one or two double bonds and the 6- 
membered ring has two or three double bonds. Such heterocyclic systems include furyl, thienyl, pyrrolyl, pyr- 
azolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyranyl, pyridinyl, pyrimidinyl, pyrazinyl, oxazinyl and thiazi- 
nyl. 

The term "9- or 10-membered heterocyclic ring" means any bicyclic group in which any of the above 5- or 
35 6-membered rings is fused to a benzene ring or another 6-membered heterocyclic ring as defined above that 
will afford a stable structure. These heterocyclic systems include indolyl, benzothienyl, benzofuryl, benzoxa- 
zolyl, benzoisoxazolyl, benzopyrazolyl, quinolinyl, isoquinolinyl, benzimidazolyl and benzothiazolyl. 

It will be appreciated that many of the above heterocycles may exist in tautomeric forms. All such forms 
are included within the scope of this invention. 
40 All of the aromatic or heteroaromatic groups listed for the definition of Ar or R" are independently unsub- 

stituted or substituted with one or two substituents that will afford a stable structure independently selected 
from halo, hydroxyl, C r C 4 alkyl, C r C 4 alkoxy, amino (-NH 2 ), mono(C 1 -C 4 alkyl)amino, -(CH 2 )jCOOH, mercap- 
to, -8(0)^-04 alkyl), -NHS(0) h (C 1 -C 4 alkyl), -NHC(O) (C,-C A alkyl), -S(0) h NH 2 , -S(0) h NH(C 1 -C 4 alkyl), or 
-S(0) h N(C r C 4 alkyl) 2 , h is 0, 1 or 2, and j is 0, 1 , 2, 3, or 4. One particularly preferred such value for the sub- 
45 stituent R"(C)0- is 1 -methyl indol-2-oyl. 

In the representation of Formula I, the carbonyl functionality of group X is attached to the amine function- 
ality of the Y group. The carbonyl functionality of Y is then attached to the amino group drawn in Formula I. 

The group 



50 




where Z and A are both hydrogen, is referred to at times herein as phenylglycyl and abbreviated Phg. Com- 
pounds wherein A is, e.g., methyl, are referred to as the N a -methyl-phenylglycyl group and abbreviated MePhg. 



9 
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Substituted compounds wherein Z is other than hydrogen are referred to by the type and position of the sub- 
stituent group, e.g., 3'-chlorophenylglycyl or Phg(3-CI). 
The group 



o 



O 

* II 

CH—CH-C- 



NH-A 
Z 

10 



where Z and A are both hydrogen, is referred to at times herein as phenylalanyl and abbreviated Phe. Com- 
pounds wherein A is, e.g., methyl, are referred to as the N a -methyl-phenylalanyl group and abbreviated MePhe. 
Substituted compounds wherein Z is other than hydrogen are referred to by the type and position of the sub- 
15 stituent group, e.g., 3'-chlorophenylalanyl or Phe(3-CI). 
The groups 



20 




30 



when R' is hydrogen, are referred to at times herein as 1- and 3-tetrahydro-isoquinolinecarbonyl, respectively, 
and are respectively abbreviated 1-Tiq and 3-Tiq. 
The groups 



35 



40 



45 



50 



55 




N-H 



H 



C- 
II 

o 



and 




when R' is hydrogen, are referred to at times herein as 1- and 3-perhydro-isoquinolinecarbonyl, respectively, 
and are respectively abbreviated 1-Piq and 3-Piq. As indicated by the crooked lines, various ring fusion isomers 
of these substituents exist ~ this invention contemplates any individual isomer and combinations thereof. 
The groups 



— N 




and 



■N- 



0 

II 

■c- 



are referred to as prolinyl and azetidine-2-carbonyl, respectively, and are respectively abbreviated Pro and Azt. 
The group 
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represents a saturated bicyclic system of the 4,5; 5,5; 6,5; 7,5; or 8,5 type. The stereochemistry at 3a is cis 
10 to the carbonyl; the other bridgehead bond may be either cis or trans except for the 4,5 and 5,5 systems must 
be cis at the bridgehead. The definitions of Rv and R z provide that the variable ring, which includes the three 
carbon atoms shown, is a saturated carbocyclic system of 4-8 atoms. All of the ring atoms may be carbon, or 
one of the ring atoms may be a hetero atom selected from -O-, -S-, and -NH- This definition includes the pre- 
ferred moiety derived from octahydroindole-2-carboxylic acid, abbreviated "Ohi", as represented by 

15 




25 The various cis and trans forms of this moiety are contemplated by this invention. 

The asterisks in radical Y denote a chiral center that is (L). The asterisk in radical X denotes a chiral center 
that is (D) or (DL); the # in radical X denotes a chiral center that is (L). 

In addition, diastereomers may exist depending upon branching of alkyl substituents. The compounds of 
the present invention include mixtures of two or more diastereomers as well as each individual isomer. 
30 Preferred compounds of the present invention include those compounds of Formula I where X is 



R' O 



35 




I Q 

z 



40 homoprolinyl, 1- or 3-Tiq, or 1- or 3-Piq, and Y is prolinyl, and pharmaceutical ly acceptable salts and solvates 
thereof. In particular, compounds wherein Q is NHA and A is hydrogen or a sulfonamide (e.g., A = R"S0 2 -), 
R' is hydrogen, Z is hydrogen, and B is hydrogen are all preferred. Also, those compounds wherein R is a gua- 
n id i no, or especially, an amid i no group are preferred. 

One particularly preferred combination of substituents is where G is R-substituted phenyl (i.e., D=E=CH, 
45 k=0); especially preferred is where G is a 4-amidinophenyl group. 

A preferred group of those compounds in which one to all of the otherwise unsubstituted carbon atoms of 
the aromatic or heteroaromatic rings of 



50 




NcH 2 ) k -R 



55 

bears a fluoro substituent is one in which no fluoro substituent is a- or y- to D or E when D or E is N. 

Another group of preferred compounds of the present invention includes those compounds of formula I as 
defined above where X is 
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R' 0 

I II 

T- (CH 2 ) a -C— C- 



in which T is cyclohexyl, a is 1, R' is hydrogen and Q is -NH-A. One particular subgroup is one in which A is 
hydrogen. A second particular subgroup is one in which A is R"S0 2 -, especially when R" is ethyl. A third par- 
ticular subgroup is one in which A is -(CH 2 ) g -COOH; preferably g is 1. 

Particular values of Y for a compound of Formula I in which X, r and G are defined as above include (L)- 
prolinyl (Pro), (S)-cis-octahydro-1H-indole-2-carbonyl (Ohi) and N-(2-phenylethyl)glycyl [N(PhCH 2 CH 2 )Gly]. 

For a compound of Formula I in which R is -NH 2 , it is preferred that the values of X and Y be selected from 
those defined above and the values of r and G be selected from 

a) r is 1 and G is 




\ / 



•NH, 



in which the anilino ring may bear one or two fluoro substituents; 
b) r is 1 and G is 




NH 2 



and 

c) r is 1 or 2 and G is 



NH 2 



One particularly preferred group of compounds of Formula I is one in which Y is (L)-prolinyl, r is 1 and G 
has the value 




in which each of D and E is CH, k is 0 and R is amidino, and which may be represented by Formula la 




wherein the benzamidine ring is unsubstituted or may bear one or two fluoro substituents, preferably meta- 
to the amidino radical and X has any of the values defined above. 
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Amore particular value for a compound of Formula la is one in which the benzamidine ring is unsubstituted. 
Another particularly preferred group of compounds of Formula I is one in which Y is (L)-prolinyl, r is 1 and 
G has the value 



-i >' 



10 



w — w 



in which M is S, each W is CH and R is amidino, and which may be represented by Formula lb 



X 
I 



15 




^7 --ill C NH-CH 



NH 



lb 



20 



wherein X has any of the values defined above. 

An additional preferred group of compounds of formula I is one in which Y is (L)-prolinyl, r is 1 and G has 
the value 



25 




(CH 2 ) k -R 



30 in which D is N or CH, k is 0 and R is amidino, and which may be represented for Formula Ic 



35 




0 

II 

nine NH-CH 2 




N — D 



NH 

NH; 



Ic 



40 wherein X has any of the values defined above and D is N or CH. 

A preferred value for X for a compound of formula la, lb or Ic is 



45 



R' O 



T- (CH 2 ) a -C— C- 



50 in which R' is hydrogen, a is 1 , T is cyclohexyl or phenyl and Q is -NH-A. More particularly A is hydrogen, ethyl- 
sulfonyl or carboxymethyl. One particularly preferred value forX is N-carboxymethyl-D-cyclohexylalanyl. An- 
other preferred value for X is N-carboxymethyl-D-phenylalanyl. 

Specific compounds of Formula I of the invention are described in the Examples. A preferred species, 
which may be employed as a pharmaceutically acceptable salt or solvate, may be selected from those dis- 

55 closed as Examples 15, 18, 23, 44, 45, 46, 48, 49, 51, 52, 56, 65, 66, 68, 69, 70, 71, 72, 80, 86, 87, 88 and 
92. A more preferred species may be selected from the compounds disclosed by Examples 45, 46, 48, 51 , 65, 
70, 71 and 72. One most preferred species based upon its unexpectedly superior properties is Example 48. 
Another highly preferred species is Example 65. 



13 
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As mentioned above, the invention includes pharmaceutical^ acceptable salts of the compounds defined 
by the above Formula I. A particular compound of this invention can possess one or more sufficiently basic 
functional groups, and accordingly react with any of a number of inorganic and organic acids, to form a phar- 
maceutical^ acceptable salt. Acids commonly employed to form acid addition salts are inorganic acids such 

5 as hydrochloric acid, hydrobromicacid, hydroiodicacid, sulfuric acid, phosphoric acid, and the like, and organic 
acids such as £-toluenesulfonic, methanesulfonic acid, oxalic acid, £-bromop he nyl sulfonic acid, carbonic acid, 
succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of such pharmaceutical^ acceptable 
salts thus are the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate, monohydrogenphosphate, dihy- 
drogenphosphate, meta phosphate, pyrophosphate, chloride, bromide, iodide, acetate, propionate, decanoate, 

10 caprylate, acrylate, formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate, sub- 
erate, sebacate, fumarate, maleate, butyne-1,4-dioate, hexyne-1,6-dioate, benzoate, chlorobenzoate, methyl- 
benzoate, dinitrobenzoate, hydroxy benzoate, methoxybenzoate, phthalate, sulfonate, xylenesulfonate, phe- 
nylacetate, phenyl propionate, phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate, glycollate, tartrate, 
methanesulfonate, propanesulfonate, napthalene-1 -sulfonate, naphthalene-2-sulfonate, mandelate, and the 

15 like. Preferred pharmaceutical^ acceptable acid addition salts are those formed with mineral acids such as 
hydrochloric acid, hydrobromic acid and sulfuric acid. 

The compounds of the present invention are known to form hydrates and solvates with appropriate sol- 
vents. Preferred solvents for the preparation of solvate forms include water, alcohols, tetrahydrofuran, DMF, 
and DMSO. Preferred alcohols are methanol and ethanol. Other appropriate solvents may be selected based 

20 on the size of the solvent molecule. Small solvent molecules are preferred to facilitate the corresponding solvate 
formation. The solvate or hydrate is typically formed in the course of recrystallization or in the course of salt 
formation. One useful reference concerning solvates is Sykes, Peter, A Guidebook to Mechanism in Organic 
Chemistry, 6th Ed (1986, John Wiley & Sons, New York). As used herein, the term "solvate" includes hydrate 
forms, such as monohydrates and di hydrates. 

25 The compounds of Formula I are prepared by known methods of peptide coupling. According to one such 

method the acid P-X'-COOH, where -X'-C(O)- is -X-, has the same meaning as defined for Formula I, and P 
is an amino protecting group, if necessary, is coupled with a carboxy protected Y compound to form the di- 
peptide (a). The carboxy protecting ester group of the Y moiety is then removed (deblocked or de-esterif ied) 
and the free acid form of the dipeptide (b) is coupled with the protected reagent (d). The above reaction se- 

30 quence is illustrated by the following Scheme 1 : 

O 

P-X'-COOH + HN-Y ' -COO-alk ► P-X 1 -C-N-Y ' -COO-alk 

35 

(a) 



40 



45 



50 



o 

( a ) deesterify II 
P-X 1 -C-N-Y 1 -COOH 

(b) 

O 

(b) + H 2 N- (CH 2 ) r -G ' ^ jj 

{d) P-X' -C-N-Y 1 -CONH- (CH 2 ) r -G' 

P-X-Y-NH- (CH 2 ) r -G 1 

wherein G' is the same as G except R is -CN, -NHP, 



55 



NH 

II 

-C-NHP 



or 



NP' 

II 

-NH-C-NHP 



each P represents an amino protecting group, if necessary, P' is H or P, alk is lower alkyl or some similar car- 
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boxylicacid protecting group, and -Y'- is the same as Y with the amino and carboxy functionalities visible, i.e., 
-Y- is the same as -N-Y'-C(O)-. 

If present, the cyano group in G' is elaborated to a value of R; and the protecting groups in (c) are then 
removed by procedures known to those skilled in the art such as hydrogenation over a metal catalyst to provide 
the compounds of Formula I. 

The coupling of a P-X'-COOH compound with HN-Y'-COO-alk is carried out by first protecting the amino 
group of the amino acid, if any. Conventional amino protecting groups commonly used for temporary protection 
or blocking of the amino group are employed. 

The amino-protecting group refers to substituents of the amino group commonly employed to block or 
protect the amino functionality while reacting otherfunctional groups on the compound. Examples of such ami- 
no-protecting groups include theformyl group, thetrityl group, the phthalimido group, the trichloroacetyl group, 
the chloroacetyl, bromoacetyl and iodoacetyl groups, urethane-type blocking groups such as benzyloxycar- 
bonyl, t-butoxycarbonyl, 4-phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl, 4- met hoxy benzyl oxycarbo- 
nyl, 4-fluorobenzyloxycarbonyl, 4-chlorobenzyloxycarbonyl, 3-chlorobenzyloxycarbonyl, 2-chlorobenzyloxy- 
carbonyl, 2,4-dichlorobenzyloxycarbonyl, 4-bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl, 4-nitroben- 
zyloxycarbonyl, 4-cyanobenzyloxycarbonyl, 2-(4-xenyl)isopropoxycarbonyl, 1,1-diphenyleth-1-yloxycarbonyl, 
1 ,1-diphenylprop-1-yloxycarbonyl, 2- phenyl prop-2-yl oxy carbon yl, 2-(p-toluyl)prop-2-yloxycarbonyl, cyclopen- 
tanyloxycarbonyl, 1-methylcyclopentanyloxycarbonyl, cyclohexanyloxycarbonyl, 1-methylcyclohexanyloxy- 
carbonyl, 2-methylcyclohexanyloxycarbonyl, 2-(4-toluylsulfonyl)ethoxycarbonyl, 2-(methylsulfonyl)ethoxycar- 
bonyl, 2-(triphenylphosphino)ethoxycarbonyl, 9-fluoroenylmethoxycarbonyl ("FMOC"), 2-(trimethylsilyl)ethox- 
ycarbonyl , allyloxycarbonyl , 1 -(tri methyls i lylmethy I) prop- 1 -e nyloxy carbon yl , 5- benzisoxalyl methoxy carbon yl , 
4-acetoxybenzyloxycarbonyl, 2,2,2-trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl, cyclopropylme- 
thoxycarbonyl, 4-(decyloxy)benzyloxycarbonyl, isobornyloxycarbonyl, 1-piperidyloxycarbonyl and the like; the 
benzoylmethylsulfonyl group, the 2-(nitro)phenylsulfenyl group, the diphenylphosphine oxide group, and the 
like amino-protecting groups. The species of amino-protecting group employed is not critical so long as the 
derivatized amino group is stable to the condition of subsequent reaction(s) on other positions of the molecule 
and can be removed at the appropriate point without disrupting the remainder of the molecule. Preferred ami- 
no-protecting groups are the benzyloxycarbonyl, allyloxycarbonyl, t-butoxycarbonyl, and trityl groups. Similar 
amino-protecting groups used in the cephalosporin, penicillin and peptide art are also embraced by the above 
terms. Further examples of groups referred to by the above terms are described by J. W. Barton, "Protective 
Groups in Organic Chemistry", J. G. W. McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapter 2, and T. 
W. Greene, "Protective Groups in Organic Synthesis", John Wiley and Sons, New York, N.Y., 1981, Chapter 
7. The related term "protected amino" defines an amino group substituted with an amino-protecting group dis- 
cussed above. 

In carrying out the coupling reaction, an ester protecting group for HN-Y'-COOH is employed which is re- 
movable by conditions under which the amino protecting group remains intact. The amino protecting group of 
the acylating acid P-X'-COOH thus remains in place for protection of the amino group during the subsequent 
coupling with amine (d) to form (c). 

The carboxy protecting ester group as used in the specification refers to one of the ester derivatives of 
the carboxylic acid group commonly employed to block or protect the carboxylic acid group while reactions are 
carried out on otherfunctional groups on the compound. Examples of such carboxylic acid protecting groups 
include C 1 -C 4 alkyl, benzyl, 4-nitrobenzyl, 4-methoxy benzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl, 
2,4,6-trimethoxybenzyl, 2,4,6-trimethylbenzyl, pentamethyl benzyl, 3,4-methylenedioxybenzyl, benzhydryl, 
4,4'-dimethoxybenzhydryl, 2,2',4,4'-tetramethoxybenzhydryl, t-butyl, t-amyl, trityl, 4-methoxytrityl, 4,4'-dime- 
thoxytrityl, 4,4',4"-trimethoxytrityl, 2-phenylprop-2-yl, tri methylsilyl, t-butyldimethylsilyl, phenacyl, 2,2,2-tri- 
chloroethyl, (3-(trimethylsilyl)ethyl, p-(di(n-butyl)methylsilyl)ethyl, p-toluenesulfonylethyl, 4-nitrobenzylsulfo- 
nylethyl, allyl, cinnamyl, 1-(trimethylsilylmethyl)-prop-1-en-3-yl, and like moieties. The species of carboxy- pro- 
tecting group employed is not critical so long as the derivatized carboxylic acid is stable to the conditions of 
subsequent reaction(s) on other positions of the molecule and can be removed at the appropriate point without 
disrupting the remainder of the molecule. In particular, it is important not to subject the carboxy- protected mol- 
ecule to strong nucleophilic bases or reductive conditions employing highly activated metal catalysts such as 
Raney nickel. (Such harsh removal conditions are also to be avoided when removing amino-protecting groups 
discussed below.) Further examples of these groups are found in E. Haslam, "Protective Groups in Organic 
Chemistry", J.G.W. McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapter 5, and T.W. Greene, "Protec- 
tive Groups in Organic Synthesis", John Wiley and Sons, New York, N.Y., 1981, Chapter 5. 

The compounds of Formula I can also be prepared by first synthesizing the HN-Y'-CONH(CH 2 )r-G' amide 
precursor and then reacting with a protected X-moiety. According to one such method, (d) is prepared and cou- 
pled with PN-Y'-COOH (g) as shown below to afford the amide (h). 
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PN-Y'-COOH + H 2 N- (CH 2 ) r -G' ► PN-Y 1 -CONH- ( CH 2 ) r -G 1 

(g) (d) (h) 

5 

where P represents an amino protecting group such as the benzyloxycarbonyl (Cbz) group, t-butoxycarbonyl 
(Boc), p-toluenesulfonyl, and the like. Preferably the amino protecting group used is removable by hydrogen- 
ation or treatment with mild acid (e.g. trifluoroaceticacid) ora strong acid (e.g. HCI). Examples of other suitable 
amino protecting groups are provided in "Protective Groups in Organic Synthesis", Second Edition, by T. W. 
10 Greene and Peter G. M. Wuts, Chapter 7, page 309-405 (1991), John Wiley & Sons, Inc., publishers. The Boc, 
or other suitable protecting group, is removed from the amino nitrogen of the Y-residue which is then acylated 
with the desired amino acid acyl group to afford the dipeptide shown below. 



15 



30 



35 



45 



P-X'-COOH + HN-Y' -CONH- (CH : ) r -G ' ► P-X ' -CO-N-Y ' -CONH- (CH~ ) r -G 1 

(O 



The cyano group, if present in G', is elaborated and protecting groups on (c) are removed as described earlier. 

The coupling of a P-X'-COOH compound is carried out by first protecting the amino group of the amino 
20 acid, if any. Conventional amino protecting groups commonly used for temporary protection or blocking of the 
amino group are employed. Examples of such protecting groups are described above. 

The coupling reactions described above are carried out in the cold preferably at a temperature between 
about -20 °C and about 15 °C. The coupling reactions are carried out in an inert organic solvent such as di- 
methylformamide, dimethylacetamide, tetrahydrofuran, methylene chloride, chloroform, and like common sol- 
25 vents or a mixture of such solvents. Generally, anhydrous conditions are used when, in the coupling reaction, 
an active ester of the acylating acid is used. 

The intermediates (d) and (g) are prepared via standard techniques of organic chemistry as summarized 
in the following schemes: 



NH NP H 2 N-K-NH 2 NP 
II II II 
CH 3 S-C-NH 2 ► CH3S-C-NHP ► H 2 N-K-NH-C-NHP 



H 2 N-K-NH 2 ► H 2 N-K-NHP 

40 

NH 

w II 

H 2 N-K-CN ► H 2 N-K-C-NH 2 

NOH 

H 2 N-K-CN ► H 2 N-K-C-NH 2 

50 where -K-R is -(CH 2 ) r G. 

According to the above sequences, protected guanidines can be prepared by doubly protecting S-methy- 
lisothiourea. A preferred blocking group is the t-butyloxycarbonyl (Boc) group which can be introduced by al- 
lowing S-methylisothiourea to react in the presence of di-t-butyl dicarbonate. Often an acid salt form of S-me- 
thylisothiourea is employed which can be sprung to the free base form in situ by dissolving the salt in water 

55 and treating with aqueous base. The di-t-butyl dicarbonate is then introduced tothe reaction in a water miscible 
solvent, such as t-butanol, to give the doubly protected S-methylisothiourea. The desired doubly protected gua- 
nidine is then formed upon treatment with the appropriate diamine H 2 N-K-NH 2 in a non reactive solvent or com- 
bination of solvents. Typically water miscible solvents such as dimethylformamide, or water, or mixtures there- 
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of, are effectively employed. Such reaction is generally complete in about 3-72 hours. The resulting protected 
guanidine can then be coupled as previously described to provide the protected intermediates to the com- 
pounds of Formula I wherein R is 

5 NH 

I 

-NH-C-NH 2 a 

10 For compounds of Formula I wherein R= -NH 2 , the intermediate is a singly protected diamine. In most cases 

this intermediate can be prepared by simply allowing an unprotected diamine to react with one molar equivalent 
of the protecting reagent. Other methods of introducing the final amine (R= -NH 2 ) will be apparent to organic 
chemists. For example, the amine may be obtained from some other precursor functionality, e.g., a nitro group 
or a cyano group. In the case of a nitro group, the transformation to an amino group is usually accomplished 

15 on those substrates where the nitro group is directly attached to an aromatic ring, particularly a phenyl group. 
In such cases, the nitrophenyl group is reduced to the corresponding aniline functionality by any of a number 
of methods known in the art. One particularly effective method is treatment of the nitro compound with sodium 
hydrosulfite in a non-reactive solvent, such as ethanol, water, or a mixture thereof. When the nitro compound 
is heated at reflux in a water/ethanol mixture in the presence of sodium hydrosulfite, reduction is usually com- 

20 plete within several hours. A cyano group can similarly be reduced, when appropriate, in the presence of a 
reducing agent such as lithium aluminum hydride, borane in a solvent such as tetrahydrofuran, or by metal 
promoted sodium borohydride reduction. 
The amidines of this invention 



(R= -C-NH 2 ) 

30 can also be prepared from a nitrile precursor. A number of procedures for accomplishing this transformation 
are known in the art. In particular, the use of hydrogen sulfide in a mixture of pyridine and triethyl amine, followed 
by treatment with acetone and methyl iodide, and finally ammonium acetate in methanol, is a preferred and 
efficient means for making this conversion. Alternatively, heating the nitrile with hydroxylamine hydrochloride 
and a basic such as N,N-diisopropylethylamine in a hydroxylic sovent such as ethanol followed by catalytic 

35 hydrogenation (e.g., hydrogenolysis over palladium on carbon) can also be used to effect this transformation. 
This process provides the hydroxy amidine 

NOH 

ii 

( R= -C-NH 2 ) 

as an intermediate which can be isolated if desired. 

The other compounds employed as initial starting materials in the synthesis of the compounds of this in- 
45 vention are well known and, to the extent not commercially available, are readily synthesized by standard pro- 
cedures commonly employed by those of ordinary skill in the art. 

The 4-substituted prolines (Rp is C r C 6 alkyl, C 3 -C 8 cycloalkyl, or-(CH 2 )p-L-(CH 2 )q-T') used for making the 
compounds this invention are all of the cis configuration the 4-substituent relative to the carbonyl moiety. In- 
termediates for introducing this functionality into the compounds of Formula I are made by standard techni- 
50 ques. 

For example, 4-substituted proline derivatives in which the Rp group contains a methylene group at the 
point of attachment to the proline ring can be prepared in the following manner: 



55 
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where R 4 = R 3 CH 2 = an Rp group containing a methylene group at the point of attachment to the proline ring. 

A4-hydroxyproline (both the cis and trans forms are commercially available) is first protected with an ami- 
no-protecting group - the Cbz group is particularly useful in this sequence. The resulting intermediate is then 
esterified (the methyl or especially ethyl esters are especially convenient) and then oxidized to give the cor- 
responding ketone. This oxidation us accomplished under any of a number of oxidation conditions such as 
Jones oxidation or pyridinium chlorochromate; especially useful for this transformation is the use of pyridinium 
chlorochromate in a dry, non-reactive solvent such as dichloromethane. When allowed to react for 8-16 hours, 
this reaction is generally complete when performed at ambient temperature. This versatile ketone intermediate 
is then allowed to react with an appropriate Wittig reagent to give the desired olefin. Typically the appropriate 
Rp-substituted triphenylphosphonium halide is added to a dry inert solvent (e.g., tetrahydrofuran) which con- 
tains a strong base (e.g., potassium t-butoxide). The ketone is introduced and after approximately three hours 
at ambient temperature the desired olefin intermediate can be isolated. In order to obtain good yields of the 
olefin, it is preferred that a 0.4-0.6 molar excess of the Wittig reagent be employed relative to the ketone. The 
olefin is then reduced to the desired Rp-substituted proline by standard reduction techniques. Catalytic hydro- 
genation is the most facile method for accomplishing this transformation in the laboratory. Hydrogenation of 
the olefin in the presence of a catalyst (e.g., 5% palladium on carbon) in an inert solvent such as ethanol will 
be effective at atmospheric pressure. In the case of those intermediates in which the ami no-protecting group 
is Cbz, hydrogenation also removes the protecting group which provides a compound which can be used for 
coupling to P-X'-COOH. As will be appreciated by those skilled in this art, this process will not be effective for 
preparing compounds where the Rp group is attached to the proline ring through a hetero atom or are an aro- 
matic ring. Thus, in the above scheme, R 3 will be alkyl, aralkyl (e.g., benzyl), (cycloalkyl)alkyl, etc. 

A related method for preparing these intermediates is summarized by the following scheme: 



Cbz Cbz Cbz 




The above reaction scheme is an alternative to the Wittig reaction described earlier and is useful for pre- 
paring compounds for which Wittig reagents cannot be prepared. Thus, for preparing intermediates wherein 
Ra is alkyl, phenyl, and the like, the pyrrolidinone intermediate is allowed to react with an appropriate Grignard 
reagent. Typically a slight molar excess of the Grignard reagent is employed, usually at low temperatures (e.g., 
-80 to -60 °C) in a low freezing inert solvent such as tetrahydrofuran. After addition of the reagents, the reaction 
mixture can be permitted to warm to room temperature, after which time the reaction is usually complete within 
several hours. The resulting intermediate is dehydrated, for example, by treatment with trifluoroacetic acid. 
The 3,4-dehydro intermediate is then reduced to the desired cis intermediate using the same reductive condi- 
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tions as described above for reduction of the olefin intermediate. 

Intermediates wherein the hetero "L"-group is oxygen and is attached directly to the proline ring (i.e., p=0) 
can be prepared employing the Mitsunobu reaction (Mitsunobu, Synthesis , 1 (1981)): 



Cbz cbz 



10 




In this reaction, the trans hydroxy pyrrol idine-carboxylic ester is treated with triphenylphosphine in a solvent 
15 such as tetrahydrofuran in the presence of Ar-O-H. The mixture is cooled to approximately 0 °C and diethyl 
azodicarboxylate is added. After warming to room temperature, the reaction is worked up to provide the desired 
cis intermediate. While the scheme above depicts the reaction for compounds where L = -0-, p=q=0, and T=Ar, 
this sequence is useful for preparing other compounds where p=0 and L is -0-. 

Intermediates wherein L is sulfur and is attached directly to the ring can be prepared by first converting 
20 the hydroxy group to a tosylate or other similar leaving group and then displacing with a thiolate anion (see, 
e.g. , Krapcho, etal., J. Med . Chem ., 31, 1148-1160 (1988); Smith, et al., J. Med . Chem ., 31, 875-855 (1988)). 

Intermediates wherein L is nitrogen and is attached directly to the ring can be prepared by first converting 
the hydroxy group to a tosylate or other similar leaving group and then displacing with azide. The azide can 
be reduced using known methods and then alkylated to provide the desired functionality (see, e.g. , Smith, et 
25 a]., J. Med. Chem ., 31, 875-855 (1 988)). 

The compounds of this invention containing a cis-Ohi functionality are prepared by preparing (S)-indoline 
carboxylic acid ethyl ester from the corresponding acid (see, Vincent, etal., Drug Design and Discovery , Vol. 
9, pp 11-28 (1992)), and reducing this intermediate by hydrogenation over 5% Pd/C in ethanol to give the oc- 
tahydroindole-2-carboxylic acid ester, generally referred to Ohi-ester as summarized below. 

30 



35 




The compounds of this invention containing a trans-Ohi functionality are prepared by the method of Vin- 
40 cent, et aL, Drug Design and Discovery , Vol. 9, pp 11-28 (1992)). This is summarized in the scheme shown 
below: 
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15 



20 



a 



CH 2 =CH-CN 
► 




CI 



Favor sky 
Reaction 





Resolution 
COOH several steps 



L .L /^cooh 

H 



The compound of this invention containing a b icy die system (with or without heteroatom) can be prepared 
25 by the method of Teetz, et al., Tetrahedron Letters , 25, 4479 (1 984). Generally: 



30 




alkylat ion 



^\ or addi 

cr ovr 



35 



tlon L> 




40 



deprotect ion/ ring closure 



reduction 




OR x 



45 

where P is a protecting group and R x is alkyl. 

The intermediates for introducing the N-substituted glycine functionality (Y) used for making the com- 
pounds this invention are made by standard techniques. 

For example, a haloacetate ester, such as t- butyl bromoacetate, can be converted into the desired sub- 
so stituted upon treatment with the appropriate primary amine: 

BrCH 2 COO-t-butyl + RQNH 2 -> HNR9CH 2 COO-t-butyl 
The t-butyl bromoacetate is allowed to react with the appropriate amine either neat or preferably in a non- 
reactive solvent, such as an alcohol. It is preferred that a molar excess of the amine is used to force the reaction 
to completion. Preferably the reaction mixture also contains a non-reactive acid scavenger, such as at least a 
55 molar equivalent of triethylamine. While the reactants are usually combined cooled (e.g., 0 °C), the reaction 
is usually allowed to warm to room temperature after which the reaction is usually complete within 24 hours. 
Although the bromoacetate is preferred, other haloacetates, such as iodoacetates and chloroacetates, can be 
employed for this transformation. Other ester groups can similarly be employed. The t-butyl ester is preferred 
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because it can later be easily removed later upon treatment with anisole and trifluoroacetic acid. A second 
method for preparing these intermediates is summarized by the following scheme: 

R 0 -CHO + H 2 NCH 2 COOEt -> R°-CH=NCH 2 COOEt -> R°-CH 2 -NHCH 2 COOEt 
where R°-CH 2 - is an Ra-group having an unsubstituted methylene group adjacent to the point of attachment 

5 to the glycine moiety. 

In the above reaction scheme, the appropriate aldehyde is mixed with glycine ester in a non-reactive sol- 
vent, such as methanol orethanol. If a salt form of the glycine ester is used, a molar equivalent of a base, such 
as potassium hydroxide, can be added to allow generation of the free base of the aminoester. The reaction of 
the aldehyde and glycine ester formed the intermediate Schiff base which can then be reduced in situ upon 

10 treatment with a reducing agent such as sodium cyanoborohydride. Formation of the Schiff base occurs in 
usually less than an hour; reduction is generally complete after 10-15 hours. The methyl or ethyl esters are 
particularly useful as these groups can be removed (deblocked) upon treatment with lithium hydroxide in aqu- 
eous dioxane. Employing an appropriate ketone instead of aldehyde R°-CHO results in the preparation of in- 
termediates wherein the methylene group attached to the glycine amine is substituted. 

15 Alternatively, and especially for those compounds wherein R0 is Ar(i.e., withoutan intervening alkyl group), 

it is preferred to prepare the intermediate P-X'-CONHAr by standard techniques (e.g., reacting an activated 
form of P-X'-COOH with ArNH 2 ) and then reacting this intermediate with an alkyl haloacetate as described 
above to give P-X'-CONHAr-CH 2 -COO-alk which can then be further transformed in the usual way. 

Many of the final compounds of this invention or intermediates thereto can be intercon verted by standard 

20 techniques. For example, aryl compounds which are substituted with nitro can be reduced ( e.g. , in the presence 
of sodium hydrosulfite in a non-reactive solvent, such as ethanol, water, or a mixture thereof). When the nitro 
compound is heated at reflux in a water/ethanol mixture in the presence of sodium hydrosulfite, reduction is 
usually complete within several hours. The resulting amine may be present in the final product; if the amine 
is present in an intermediate, it may be desirable to convert it to its final desired form (e.g. , acylation to provide 

25 the acylated amine) or protected to avoid side reactions during the subsequent chemistry. If the free amine is 
the desired compound, the Cbz protecting group is particularly useful in this regard. Other transformations 
and intraconversions of this type will be apparent to skilled organic chemists. 

As will be appreciated by those skilled in this art, the above transformations can be performed on the start- 
ing materials noted above, or in most cases can also be accomplished on di- or tri-peptide intermediates con- 

30 taining the same respective functional group. In the lattercases, the need, or lack thereof, to protect the various 
groups may be negated; accordingly, the order and type of chemistry involved will dictate the need and type 
of protecting groups as well as the sequence for accomplishing the synthesis. As will also be appreciated by 
skilled artisans, one may choose other protecting groups so long as they serve the purpose of protecting the 
functional group during subsequent chemistry but can also be removed under appropriate conditions and in 

35 an appropriate order to allow for subsequent transformations. For example, in Scheme 1 above G' includes 
substituents wherein R is -CN; this nitrile group can be transformed into an amidine or reduced to the amine 
which can optionally be further elaborated to the guanidines of this invention. 

The compounds of the invention are isolated best in the form of acid addition salts. Salts of the compounds 
of Formula I formed with acids such as those mentioned above are useful as pharmaceutically acceptable salts 

40 for administration of the antithrombotic agents and for preparation of formulations of these agents. Other acid 
addition salts may be prepared and used in the isolation and purification of the peptides. For example, the 
salts formed with the sulfonic acids such as methanesulfonic acid, n-butanesulfonic acid, p-toluenesulfonic acid 
and naphthalenesulfonic acid may be so used. 
A compound of Formula I is prepared by: 

45 a) removing simultaneously or sequentially the protecting group(s) P of a corresponding compound of For- 

mula II 

(P)X-Y-NH-(CH 2 ) r -G(P) II 
wherein (P)X represents a radical X which may bear one or more protecting groups P independently se- 
lected from an am in o protect in g g rou p P for a com pound of Formula I in which X includes a basic NH moiety 
so and a carboxy protecting group P for a compound of Formula I in which X includes a carboxy residue and 

G(P) represents a radical G which may bear one or more independently selected amino protecting groups 
P; or 

b) for a compound of Formula I in which R is 



55 



NH 

II 

-C-NH 2 
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by hydrogenolysis of a corresponding compound of Formula I in which R is 

NOH 

II 

5 -C-NH 2 ; 

and whereafter, when a salt of the compound of Formula I is required, forming the salt with a pharmaceut- 
ically acceptable acid. 

10 It may be preferred to conduct process b) simultaneously with process a). For a compound of Formula I 

in which an acid protecting group is the t-butyl ester and/or an amino protecting groups is t-butyloxycarbonyl, 
the protecting group(s) may be removed by treatment with a strong acid, such as trifluoroacetic acid or anhy- 
drous hydrogen chloride in an inert solvent, such as dioxane or dichloromethane, in the presence of anisole. 
For a compound of Formula I in which an acid protecting group is the benzyl ester and/or an amino protecting 

15 group is benzyloxycarbonyl, the protecting group(s) may be removed by hydrogenolysis, conveniently carried 
out in ethanolic hydrogen chloride over a palladium on carbon catalyst. 

The preferred method for purifying the compounds of Formula I, while at the same time preparing a desired 
stable salt form, is that described in U.S. Patent 5,250,660. According to the method, stable sulfates or hydro- 
chlorides are provided by preparative purification over C 18 reversed- phase chromatography in which the aqu- 

20 eous component comprises sulfuric acid or hydrochloric acid at pH 2.5 and acetonitrile is the organic compo- 
nent. The pH of the acidic eluant is adjusted to between about pH 4 and about 6 with an anion exchange resin 
in the hydroxyl form, e.g. Bio-Rad AG-1X8. After adjustment of the pH, the solution of tripeptide sulfate or hy- 
drochloride salt is lyophilized to provide the pure salt in dry powder form. In an example of the process, crude 
D-Phe-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 sulfate can be dissolved in water and the solution is loaded on Vydac Cl 8 

25 RP HPLC 5 cm X 50 cm column. A gradient of 2-10% B (A = 0.01% H 2 S0 4 ; B = acetonitrile) over 10 hours is 
used. Multiple fractions are collected and those containing product as determined by analytical RP HPLC are 
pooled. The pH of the pooled fractions is adjusted to pH 4.0 - 4.5 with AG-1X8 resin in hydroxide form (Bio- 
Rad, 3300 Ragatta Blvd., Richmond, CA 94804). The solution is filtered and the filtrate is lyophilized to provide 
the pure D-,L- diamide in the form of the sulfate salt. 

30 The optically active isomers of the diastereomers at the radicalX are also considered partofthis invention. 

Such optically active isomers may be prepared from their respective optically active precursors by the proce- 
dures described above, or by resolving the racemic mixtures. This resolution can be carried out by derivatiza- 
tion with a chiral reagent followed by chromatography or by repeated crystallization. Removal of the chiral aux- 
iliary by standard methods affords substantially optically pure isomers of the compounds of the present inven- 

35 tion or their precursors. Further details regarding resolutions can be obtained in Jacques, et al., Enantiomers, 
Race mates, and Resolutions , John Wiley & Sons, 1981 . 

The compounds employed as initial starting materials in the synthesis of the compounds of this invention 
are well known and, to the extent not commercially available, are readily synthesized by standard procedures 
commonly employed by those of ordinary skill in the art. 

40 The following Examples are provided to further describe the invention and to provide examples for com- 

parison and are not to be construed as limitations thereof. 

The abbreviations used in this specification have the following meanings. 

Amino acid residues: Arg = arginyl, Glu = glutamyl, Gly = glycyl, Pro = prolyl, hPro = homoprolyl, Azt = aze- 
tidine-2-carbonyl, Phg = phenylglycyl, Phe = phenylalanyl, hPhe = homophenylalanyl, 1-Tiq = 1,2,3,4-tetrahy- 
45 droisoquinoline-1-carbonyl, 3-Tiq = 1 ,2,3,4-tetrahydroisoquinoline-3-carbonyl, Cha = 0-cyclohexylalanyl, hCha 
= a-amino-y-cyclohexylbutyryl, NMI = N-methylindol-2-oyl, Ohi = cis-octahydroindol-2-oyl, 1-Piq = perhydro- 
isoquinoline-1-carbonyl, 3-Piq = perhydroisoquinoline-3-carbonyl, Met = methionyl, Met(0 2 ) = S,S-dioxome- 
thionyl. 

Agm = agmatine 
so Boc = t-butyloxycarbonyl 

Bn = benzyl 

Cbz = benzyloxycarbonyl 
DCC = dicyclohexylcarbodiimide 
DMF = dimethylformamide 
55 Et = ethyl 

DMSO = dimethylsulfoxide 
EtOAc = ethyl acetate 
Et 2 0 = diethyl ether 
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EtOH = ethanol 

Fmoc = 9-fluorenylmethoxycarbonyl 
FAB-MS = fast atom bombardment mass spectrum 
FD-MS = field desorption mass spectrum 
5 IS-MS = ion spray mass spectrum 

HRMS = high resolution mass spectrum 
HOBT = 1 -hydroxybenzotriazole hydrate 
IR = infrared spectrum 

RPHPLC = Reversed Phase High Performace Liquid Chromatography 
10 Ph = phenyl 

TFA = trifluoroacetic acid 
THF = tetrahydrofuran 
TLC = thin layer chromatography 
The following parameters for RPHPLC were employed: Solvent A: 0.05% aqueous hydrochloric acid (1.5 
15 mL concentrated hydrochloric acid in 3 L water); Solvent B: acetonitrile; Gradient: as defined in each Example; 
Method 1 : Column: Vydac C 18 - 2.5 cm x 25 cm; Flow rate: 5 mL/minute; Method 2: Column: Vydac C 18 - 5 cm 
x 25 cm; Flow rate: 10 mL/minute; Method 3: Column: Vydac C 18 - 2.5 cm x 50 cm; Flow rate: 10 mL/minute. 
Unless otherwise stated, pH adjustments and work up are with aqueous acid or base solutions. 
In the examples, where 1 H-NMR is shown, the product afforded by the reaction was characterized by proton 
20 NMR to confirm the indicated compound was obtained; IR without the data similarly indicates a satisfactory 
infrared spectrum was obtained. HRMS was used to confirm the exact mass of compounds for which a satis- 
factory elemental analysis was not obtained for the product of the described procedure; the elemental compo- 
sition of the observed ion (e.g., MH + ) is indicated. 

25 Example 1 



30 




35 

EtS02-D-Phe-Pro-Agm. HC1 



A) Preparation of Boc-D-Phe-Pro-OBn. 

40 

To a solution of Boc-D-Phe-OH (89.1 g, 336 mmol), Pro-OBn hydrochloride (81 .2 g, 336 mmol), HOBT (50 
g, 370 mmol) and N,N-diisopropylethylamine (1 76 mL, 1,008 mmol) at 0 °C in dichloromethane (600 mL) was 
added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (71 g, 370 mmol). After stirring for 18 
hours, the mixture was diluted with diethyl ether (1 L) and washed sequentially three times with 1 N citric acid 
45 (250 mL), once with water (250 mL), three times with saturated aqueous sodium bicarbonate (250 mL) and 
once with saturated aqueous sodium chloride (250 mL). The organic phase was dried (Na 2 S0 4 ), filtered, and 
concentrated in vacuo to yield 140 g (92.5%) of a pale yellow foam. 
FD-MS, m/e 452 (M + ) 
1 H NMR 

50 

B) Preparation of D-Phe-Pro-OBn TFA. 

To a stirring solution of Boc-D-P he- Pro-OBn (68 g, 150 mmol) in dichloromethane (50 mL) at 0 °C, was 
added anisole (20 mL) followed by trifluoroacetic acid (400 mL). After stirring for 3 hours, the solvents were 
55 evaporated in vacuo and the thick oily residue was dissolved in diethyl ether (1 .5 L) and refrigerated (72 hours). 
The white precipitate was filtered, washed with diethyl ether (300 mL) and dried to yield 59.4 g (85%) of white 
powder. 
1H NMR 
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C) Preparation of EtS0 2 -D-Phe-Pro-OBn. 

To a stirring solution of D-Phe-Pro-OBnTFA(12 g, 25.7 mmol) and triethylamine (7 ml_, 50.2 mmol) in di- 
chloromethane (200 mL) at -78 °C was added ethanesulfonyl chloride (2.65 ml_ f 28.3 mmol) dropwise via an 

5 addition funnel. The reaction vessel was warmed to 0 °C and after stirring 4 hours, water (1 0 mL) was added. 
The organic phase was washed three times with 1 N hydrochloric acid (1 00 mL), once with a saturated sodium 
chloride solution (1 00 mL) and then the solvent was removed in vacuo. The product was purified by flash chro- 
matography over silica gel, eluting with ethyl acetate/hexanes (6:4). The product containing fractions (judged 
by TLC) were combined and concentrated to give 6.62 g (58%) of a yellow oil which solidified. 

10 1 H NMR 

FD-MS, m/e445 (M + ) 



Analysis for C23H28N2O5S: 


Calc: 
Found: 


C, 62.14; 
C, 61.87; 


H, 6.35; 
H,6.37; 


N, 6.30; 
N, 6.18. 



2o D) Preparation of EtS0 2 -D-Phe-Pro-OH. 

To a stirring solution of EtS0 2 -D-Phe-Pro-OBn (4.5 g, 10.1 mmol) in p-dioxane (150 mL) was added a sol- 
ution of lithium hydroxide monohydrate (2.1 g, 50.5 mmol) in water (75 mL). After stirring for 16 hours, the vol- 
ume of the solution was reduced by half//? vacuo, and the solution was diluted with water (300 mL) and 0.1 N 
NaOH (100 mL). The aqueous phase was then washed twice with diethyl ether (250 mL), acidified with solid 
citric acid, and then extracted three times with ethyl acetate (150 mL). The combined ethyl acetate extracts 
were washed with saturated aqueous sodium chloride (200 mL), dried (MgS0 4 ), filtered and concentrated to 
give 3.6 g (90%) of white solid. 
FD-MS, m/e 355 (M + ) 



Analysis for C 16 H 2 2N 2 0 5 S: 


Calc: 
Found: 


C, 54.22; 
C, 54.40; 


H, 6.26; 
H, 6.42; 


N, 7.90; 
N, 7.85. 



35 

E) Preparation of N,N'-di-Boc-S-methylisothiourea. 

To a stirring solution of di-t-butyl dicarbonate (1 00 g, 458 mmol) in t-butanol (300 mL) was added a solution 
40 of bis-S-methylisothiourea sulfate (32.7 g, 117 mmol) in water (150 mL), followed by a solution of sodium hy- 
droxide (19.2 g, 480 mmol) in water (150 mL). After stirring for 48 hours, the mixture was concentrated to ap- 
proximately one-third of the original volume in vacuo and diluted with diethyl ether (500 mL). The organic phase 
was washed once with water (250 mL), three times with 1 N citric acid (250 mL) and once again with water 
(250 mL). The organic phase was then dried (MgS0 4 ), filtered and concentrated in vacuo to give 42 g (62%) 
45 of a white solid. 
1 H NMR 

F) Preparation of N9,N9'-di-Boc-agmatine. 

50 To a stirring solution of 1 ,4-butanediamine (23 g, 258 mmol) in 2:1 dimethylformamide:water (300 mL) was 

added a solution of N,N'-di-Boc-S-methylisothiourea (15 g, 52 mmol) in dimethylformamide (100 mL) via an 
addition funnel. After stirring for 2 hours, the solvents were removed in vacuo and the residue was dissolved 
in 1 N citric acid (250 mL), diluted with water (250 mL) and washed with ethyl acetate (250 mL). The ethyl acet- 
ate phase was back extracted with 1 N citric acid (1 00 mL) and the combined aqueous phases were basif ied 

55 with sodium carbonate, saturated with solid sodium chloride, and extracted twice with ethyl acetate (250 mL). 
The combined ethyl acetate extracts were washed with saturated aqueous sodium chloride (200 mL), dried 
(MgS0 4 ), filtered and concentrated to give 12.5 g (73%) of a thick syrup. 
1 H NMR 
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G) Preparation of EtS0 2 -D-Phe-Pro-Agm(Boc) 2 . 

To a stirring solution of N9,N9'-di-Boc-agmatine (2 g, 6 mmol) in dichloromethane (30 ml_) was added EtS0 2 - 
D-Phe-Pro-OH (2.1 g, 6 mmol), HOBT(810 mg, 6 mmol) and N,N-diisopropylethylamine (1.6 g, 12 mmol), fol- 

5 lowed by 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.4 g, 73 mmol). After stirring for 20 
hours, the solution was diluted with ethyl acetate (300 ml_) and washed three times with 1 N citric acid (150 
ml_), once with water (1 50 ml_), and twice with saturated aqueous sodium bicarbonate. The organic phase was 
then dried (MgS0 4 ), filtered and concentrated in vacuo. The residue was chromatographed over silica gel, elut- 
ing with a step gradient of ethyl acetate: hexanes (1:4) through ethyl acetate. The product containing fractions 

10 (based on TLC) were combined and concentrated to give 2.4 g (60%) of a thick oil. 
1 H NMR 

FD-MS, m/e 668 (MhT) 

H) Preparation of EtS0 2 -D-Phe-Pro-AgmHCI. 

15 

A stirring suspension of EtS0 2 -D-Phe-Pro-Agm(Boc) 2 (1.6 g, 2.4 mmol) in anisole (1 ml_) was dissolved 
in trifluoroacetic acid (20 ml_) and allowed to stirfor 1 hourat room temperature. The solvent was then removed 
in vacuo and the residue was partitioned between water (100 ml_) and diethyl ether (50 ml_). The aqueous 
phase was washed again with diethyl ether (50 ml_) and then partially concentrated and lyophilized to yield 
20 1 .4 g of crude trifluoroacetate salt. Half of this material was then dissolved in water and purified by RPHPLC 
(method 1; 98/2 (A/B); ramp to 50/50 (A/B), 60 minutes) to give 490 mg (81%) of white powder. 
1 H NMR 

FD-MS, m/e 467 (M + ) 



25 


Analysis for C 21 


H34N 6 0 4 S HCI H 2 0: 








Calc: 


C, 48.41; 


H, 7.16; 


N, 16.13; 


CI, 6.80; 




Found: 


C, 48.01; 


H,6.81; 


N, 16.15; 


CI, 6.97. 



30 



Example 2 



35 



40 




EtS02-D-Cha-Pro-Agm-HCl 

A) Preparation of Boc-D-Cha-Pro-OBn. 

By a method substantially equivalent to that described in Example 1-A, Boc-D-Cha-Pro-OBn was prepared 
from Boc-D-Cha-OH and Pro-OBnHCI in 91% yield (109 g). 
FD-MS, m/e 458 (M + ) 

B) Preparation of D-Cha-Pro-OBnTFA. 

By a method substantially equivalent to that described in Example 1-B, D-Cha-Pro-OBnTFAwas prepared 
(116% of theoretical yield, 130 g). 
1H NMR 

FD-MS, m/e 359 (M + ) 
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C) Preparation of EtS0 2 -D-Cha-Pro-OBn. 

By a method substantially equivalent to that described in Example 1-C, EtS0 2 -D-Cha-Pro-OBn was pre- 
pared (20% yield, 2.3 g). 
5 1 H NMR 

FD-MS, m/e450 (M + ) 



Analysis for C23H34N2O5S: 


Calc: 
Found: 


C, 61.31; 
C, 61.55; 


H, 7.61; 
H, 7.59; 


N, 6.22; 
N, 6.28. 



D) Preparation of EtS0 2 -D-Cha-Pro-OH. 

By a method substantially equivalent to that described in Example 1-D, EtS0 2 -D-Cha-Pro-OH was pre- 
pared (48% yield, 0.78 g). 
1 H NMR 

FD-MS, m/e 361 (M + ) 

E) Preparation of EtS0 2 -D-Cha-Pro-Agm(Boc) 2 . 

By a method substantially equivalent to that described in Example 1-G, 400 mg (40%) of EtS0 2 -D-Cha- 
Pro-Agm(Boc) 2 were prepared from EtS0 2 -D-Cha-Pro-OH and Ng-Na'-di-Boc-Agm. 
1 H NMR 

FD-MS, m/e 674 (MH + ) 

F) Preparation of EtS0 2 -D-Cha-Pro-AgmHCI. 

By a method substantially equivalent to that described in Example 1-H, EtS0 2 -D-Cha-Pro-AgmHCI was 
prepared (45% yield, 1 00 mg). The product was purified by RPHPLC (method 1 , 98/2 (A/B), ramp to 50/50 (A/B), 
60 minutes). 
1 H NMR 

FD-MS, m/e 473 (M + ) 



Analysis for C 21 H4oN 6 0 4 S-1.2HCIH 2 0: 


Calc: 
Found: 


C, 47.20; 
C, 47.47; 


H, 8.15; 
H, 7.84; 


N, 15.73; 
N, 16.10; 


CI, 7.96; 
CI, 7.80. 



Example 3 



EtOCON-H 



50 




EtOCO-D-Phe-Pro-Agm-HCl 
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A) Preparation of EtOCO-D-Phe-Pro-OH. 

By methods substantially equivalent to those described in Examples 1-Cand 1-D using ethyl chloroformate 
in place of ethanesulfonyl chloride, 6.59 g (92%) of EtOCO-D-Phe-Pro-OH were prepared. 
5 1 H NMR 

FD-MS, m/e 335 (M + ) 



Analysis for C 17 H 22 N 2 0 5 : 


Calc: 
Found: 


C, 61.07; 
C, 60.88; 


H, 6.63; 
H, 6.72; 


N, 8.38; 
N, 8.14. 



B) Preparation of EtOCO-D-Phe-Pro-AgmHCI. 

By a method substantially equivalent to that described in Example 1-G, 2.1 g (54%) of EtOCO-D-Phe-Pro- 
Agm(Boc) 2 were prepared from EtOCO-D-Phe-Pro-OH and Na-NQ'-di-Boc-Agm. Then by a method substan- 
tially equivalent to that described in Example 1-H, 390 mg (77%) of EtOCO-D-Phe-Pro-Agm-HCI were pre- 
pared. The product was purified by RPHPLC (method 1 , 98/2 (A/B), ramp to 50/50 (A/B), 60 minutes). 
1 H NMR 

FD-MS, m/e 447 (M + ) 



Analysis for C 22 H34N 6 O 4 0.9HCI 0.2TFA.H 2 O: 


Calc: 
Found: 


C, 51.70; 
C, 51.73; 


H, 7.22; 
H, 7.20; 


N, 16.15; 
N, 16.54; 


CI, 6.13; 
CI, 6.36. 



30 Example 4 



35 



40 




NMI-D-Phe-Pro-Agm-HCl 

45 

(N-[(1-methyl-1H-indol-2-yl)carbonyl]-D-phenylalanyl-N-[4-[(aminoiminomethyl)amino]butyl]-L-prolinamide 
monohydrochloride) 

A) Preparation of NMI-D-Phe-Pro-OH. 

50 

To a solution of N-methylindole-2-carboxylic acid (2.6 g, 14.9 mmol) in dry tetrahydrofuran (45 ml_) was 
added pentafluorophenol (3 g, 16.5 mmol), followed by 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (3.2 g, 
16.5 mmol). The mixture was allowed to stir at reflux for 3.5 hours and then cooled to room temperature. To 
this mixture was added a solution of D-Phe-Pro-OBnTFA(7 g, 14.9 mmol) and N,N-diisopropylethylamine (4 
55 g, 30 mmol) in tetrahydrofuran (25 ml_). After stirring for an additional 2 hours, the solvents were removed in 
vacuo and the residue was dissolved in ethyl acetate (500 ml_), then washed three times with 0.1 N aqueous 
sodium bisulfate (250 ml_) and three times with 1 N aqueous potassium carbonate (250 ml_). The organic phase 
was dried (Na 2 S0 4 ), filtered, and concentrated in vacuo to give 6.5 g of amorphous solid (a mixture of the de- 
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sired product, contaminated with pentafluorophenol). This crude product was then hydrolyzed by a method sub- 
stantially equivalent to that described in Example 1-D to yield 3.8 g (62%) of an off white solid. 
1 H NMR 

FD-MS, m/e 419 (M + ) 

5 

B) Preparation of NMI-D-Phe-Pro-Agm-HCI. 

By a method substantially equivalent to that described in Example 1-G, 900 mg (20%) of NMI-D-Phe-Pro- 
Agm(Boc) 2 were prepared. Then, by a method substantially equivalent to that described in Example 1-H, 144 
10 mg (31%) of NMI-D-Phe-Pro-AgmHCI were prepared. The crude product was dissolved in glacial acetic acid 
and purified by RPHPLC (method 1, 90/10 (A/B), ramp to 40/60 (A/B), 80 minutes). 
1 H NMR 

FD-MS, m/e 532 (M + ) 



Analysis for C 29 H3 7 N 7 O 3 0.9HCI 0.6TFA.0.5H 2 O: 


Calc: 
Found: 


C, 56.46; 
C, 56.77; 


H, 6.29; 
H, 6.58; 


N, 15.27; 
N, 15.35; 


CI, 4.97; 
CI, 5.28. 



Example 5 



25 



30 




D-Phe-Pro-NH <CH2 ) 6NHC ( NH ) NH2 -HCl 

A) Preparation of Boc-D-Phe-Pro-OH. 

To a solution of Boc-D-Phe-Pro-OBn (145 g, 320 mmol) in p-dioxane (660 ml_) was added a solution of 
lithium hydroxide monohydrate (54 g, 1,280 mmol) in water (330 ml_) with vigorous stirring. After 4 hours, the 
solution was concentrated in vacuo to about one-fourth the original volume and diluted with water (350 ml_) 
and 0.1 N sodium hydroxide (100 ml_). The aqueous phase was washed three times with diethyl ether (250 
ml_) and then acidified to pH 3 with solid citric acid which caused a precipitate to form. The solid was filtered, 
washed twice with water, and then dried under high vacuum, to yield 91 g (78%) of a white solid. 
1 H NMR 

FD MS, m/e 363 (M + ) 

B) Preparation of N9,N9'-di-Boc-6-aminohexylguanidine. 

By a method substantially equivalent to that described in Example 1-F, 4.7 g (66%) of N9,Na'-di-Boc-6-ami- 
nohexylguanidine were prepared from 1,6-hexanediamine. 

C) Preparation of Boc-D-Phe-Pro-NH(CH 2 ) 6 NHC(NBoc)NH(Boc). 

By a method substantially equivalent to that described in Example 1-G, 1.3 g (62%) of Boc-D-Phe-Pro- 
NH(CH 2 ) 6 NHC(NBoc)NH(Boc) were prepared from Boc-D-Phe-Pro-OH and N9,N9'-di-Boc-6-aminohexylgua- 
nidine. 
1H NMR 

FD-MS, m/e 703 (M + ) 
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D) Preparation of D-Phe-Pro-NH(CH 2 ) 6 NHC(NH)NH 2 HCI. 



10 



By a method substantially equivalent to that described in Example 1-H, approximately 100 mg of D-Phe- 
Pro-NH(CH 2 ) 6 NHC(NH)NH 2 HCI were prepared. 
FD-MS, m/e 389 (M + ) 



Analysis for C 21 H34N 6 O 2 0.9HC|.0.9TFA.0.5H 2 O: 


Calc: 
Found: 


C, 49.97; 
C, 49.60; 


H, 6.95; 
H, 7.13; 


N, 15.34; 
N, 15.23. 



Example 6 



20 




• HCI 



25 D-Phe-Pro-NH (CH2 ) 5NHC (NH)NH2 - HCI 

A) Preparation of N9,NQ'-di-Boc-5-aminopentylguanidine. 

By a method substantially equivalent to that described in Example 1-F, 1.73 g (72%) of N9,Na'-di-Boc-5- 
aminopentylguanidine were prepared from 1,5-pentanediamine. 
FD-MS, m/e 345 (M + ) 
1 H NMR 

B) Preparation of Boc-D-Phe-Pro-NH(CH 2 ) 5 NHC(NBoc)NH(Boc). 

35 

By a method substantially equivalent to that described in Example 1-G, 1.9 g (92%) of Boc-D-Phe-Pro- 
NH(CH 2 ) 5 NHC(NBoc)NH(Boc) were prepared from Boc-D-Phe-Pro-OH and N9,N9'-di-Boc-5-aminopentylgua- 
nidine. 
1 H NMR 

40 

FD-MS, m/e 689 (M + ) 

C) Preparation of D-Phe-Pro-NH(CH 2 ) 5 NHC(NH)NH 2 HCI. 

By a method substantially equivalent to that described in Example 1-H, approximately 100 mg of D-Phe- 
45 Pro-NH(CH 2 ) 5 NHC(NH)NH 2 -HCI were prepared. The product was purified by RPHPLC (method 1 , 98/2 (A/B), 
ramp to 40/60 (A/B), 40 minutes). 
FD-MS, m/e 389 (M + ) 



Analysis for C 20 H 32 N 6 O 2 0.9HCI-0.9TFA 0.7H 2 O: 


Calc: 
Found: 


C, 48.71; 
C, 48.34; 


H, 6.79; 
H, 6.68; 


N, 15.63; 
N, 16.01. 
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Example 7 



V NH2 -HCl 
NH 



D-Phe-Pro-NH(CH2 ) 3NHC (NH ) NH2 • HCl 

15 

A) Preparation of Boc-D-Phe-Pro-NH(CH 2 ) 3 NHC(NBoc)NH(Boc). 

To a solution of 1 ,3-diaminopropane (2.2 g, 30 mmol) in dimethylformamide (25 ml_) was added a solution 
of N,N'-di-Boc-S-methylisothiourea (2.9 g, 10 mmol) in dimethylformamide (25 ml_). After stirring for 1 hour, 

20 the mixture was diluted with dichloromethane (400 ml_) and washed twice with a mixture of saturated aqueous 
sodium bicarbonate and saturated aqueous sodium chloride (200 ml_), and once with saturated aqueous so- 
dium chloride (250 ml_). The organic phase was dried (MgS0 4 ), filtered, and partially concentrated in vacuo 
to a volume of about 200 ml_. 

To this solution was then added Boc-D-Phe-Pro-OH (3.6 g, 10 mmol), HOBT (1.3 g, 10 mmol) and N,N- 

25 diisopropylethylamine (1.3 g, 10 mmol), followed by 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide HCI (2.1 
g, 11 mmol). After stirring for 16 hours, the solvents were removed in vacuo and the residue was taken up in 
ethyl acetate (250 ml_). The organic phase was washed three times with 1 N citric acid (200 ml_), once with 
water (1 00 ml_), twice with saturated aqueous sodium bicarbonate (200 ml_) and once with saturated aqueous 
sodium chloride. The organic phase was then dried (MgS0 4 ), filtered and concentrated in vacuo. The residue 

30 was then chromatographed over silica gel, eluting with a step gradient of ethyl acetate/hexanes (1 :4) through 
ethyl acetate. The product containing fractions (judged by TLC) were concentrated to yield 2.6 g (40%) of thick 
colorless oil. 
1H NMR 

FD-MS, m/e 661 (M + ) 

35 

B) Preparation of D-Phe-Pro-NH(CH 2 ) 3 NHC(NH)NH 2 HCI. 

By a method substantially equivalent to that described in Example 1-H, 460 mg (71%) of D-Phe-Pro- 
NH(CH 2 ) 3 NHC(NH)NH 2 HCI were prepared. The product was purified by RPHPLC (method 1, 98/2 (A/B), ramp 
40 to 40/60 (A/B), 40 minutes). 
1 H NMR 

FD-MS, m/e 361 (M + ) 



Analysis for C 18 H 28 N 6 0 2 HC|. 1 . 1 TFA-1. 1 H 2 0: 


Calc: 
Found: 


C, 44.66; 
C, 44.69; 


H, 6.20; 
H.6.10; 


N, 15.47; 
N, 15.19. 
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Example 8 



5 



10 




D-Phe-Pro-NHCH2-trans-CH=CHCH2NHC (NH)NH2 -HC1 

15 

A) Preparation of N9,N9'-di-Boc-4-amino-trans-2-butenylguanidine. 

Bya method substantially equivalent to that described in Example 1-F, 2.4g (42%) of N9,N9'-di-Boc-4-ami- 
no-trans-2-butenylguanidine were prepared from 1,4-diamino-trans-2-butene. 

20 

B) Preparation of Boc-D-Phe-Pro-NHCH 2 -trans-CH=CHCH 2 NHC(NBoc)NHBoc. 

By a method substantially equivalent to that described in Example 1-G, 2.7 g (55%) of Boc-D-Phe-Pro- 
NHCH 2 -trans-CH=CHCH 2 NHC(NBoc)NHBoc were prepared from Boc-D-Phe-Pro-OH and N9,N9'-di-Boc-4- 
25 amino-trans-2-butenylguanidine. 
1 H NMR 

FD-MS, m/e 673 (M + ) 

C) Preparation of D-Phe-Pro-NHCH 2 -trans-CH=CHCH 2 NHC(NH)NH 2 -HCI. 

30 

By a method substantially equivalent to that described in Example 1-H, approximately 100 mg of D-Phe- 
Pro-NHCH 2 -trans-CH=CHCH 2 NHC(NH)NH 2 HCI were prepared. The product was purified by RPHPLC (meth- 
od 1 , 98/2 (A/B), ramp to 40/60 (A/B), 40 minutes). 
1H NMR 
35 FD-MS, m/e 373 (M + ) 



40 



Analysis for C 19 H 28 N 6 O 2 HCI 0.5TFA2.5H 2 O: 


Calc: 
Found: 


C, 47.01; 
C, 47.36; 


H, 6.81; 
H, 6.53; 


N, 16.45; 
N, 16.70. 



Example 9 



50 




55 D-Phe-Pro-p-NHCH2C6H4CH2NHC (NH)NH2 • 2TFA 
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A) Preparation of p-H 2 NCH 2 C 6 H 4 CH 2 NHC(NBoc)NHBoc. 

By a method substantially equivalent to that described in Example 1-F, 2.3 g (42%) of p- 
H 2 NCH2C 6 H 4 CH2NHC(NBoc)NHBoc were prepared from p-xylenediamine. 
5 1 H NMR 

B) Preparation of Boc-D-Phe-Pro-p-NHCH 2 C 6 H 4 CH 2 NHC(NBoc)NHBoc. 

By a method substantially equivalent to that described in Example 1-G, 2.8 g (63%) of Boc-D-Phe-Pro-p- 
10 NHCH 2 C 6 H 4 CH 2 NHC(NBoc)NHBoc were prepared from Boc-D-Phe-Pro-OH and p-H 2 NCH 2 C 6 H 4 CH 2 NHC(NBoc) 
NHBoc. 
1 H NMR 

FD-MS, m/e 723 (M + ) 

15 C) Preparation of D-Phe-Pro-p-NHCH 2 C 6 H 4 CH 2 NHC(NH)NH 2 -2TFA. 

By a method substantially equivalent to that described in Example 1-H, 725 mg (81%) of the title bis-TFA 
salt were prepared and was not purified further by RPHPLC. 
1H NMR 
20 FD-MS, m/e 423 (M + ) 



Analysis for C 23 H 30 N 6 O 2 2.1TFAH 2 0: 


Calc: 
Found: 


C, 48.05; 
C, 48.06; 


H, 5.05; 
H, 4.85; 


N, 12.36; 
N, 12.28. 



Example 10 




40 D-Phe-Pro-p-NHCH2C6H4CH2NH2 -HCl 

A) Preparation of N-Boc-p-(aminomethyl)benzylamine. 

To a stirring solution of p-xylenediamine (10 g, 73 mmol) in dimethylformamide/water (1:1, 100 ml_) was 
added di-t-butyl dicarbonate (8 g, 37 mmol). After stirring for 20 hours, the mixture was concentrated in vacuo 
and the residue was partitioned between diethyl ether (200 ml_) and 1 N citric acid (200 ml_). The aqueous 
phase was washed again with diethyl ether (200 ml_), and then basif ied with solid sodium bicarbonate and satu- 
rated with solid sodium chloride. The aqueous phase was then extracted four times with ethyl acetate (200 
5o ml_). The combined ethyl acetate extracts were dried (MgS0 4 ), filtered and concentrated to give 2.1 g (24%) 
of a thick oil. 
1 H NMR 

FD-MS, m/e 237 (MH + ) 

55 
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Analysis for C 13 H 20 N 2 O 2 : 


Calc: 
Found: 


C, 66.07; 
C, 66.33; 


H, 8.53; 
H, 8.44; 


N, 11.85; 
N, 12.11. 



B) Preparation of Boc-D-Phe-Pro-p-NHCH 2 C 6 H 4 CH 2 NHBoc. 

10 By a method substantially equivalent to that described in Example 1-G, 1 .1 g (63%) of Boc-D-Phe-Pro-p- 

NHCH 2 C 6 H 4 CH2NHBoc were prepared from Boc-D-Phe-Pro-OH and N-Boc-p-(aminomethyl)benzyl amine. 
1 H NMR 

FD-MS, m/e 581 (M + ) 



Analysis for C 32 H44N 4 0 6 : 


Calc: 
Found: 


C, 66.19; 
C, 65.99; 


H, 7.64; 
H, 7.63; 


N, 9.65; 
N. 9.42. 



20 

C) Preparation of D-Phe-Pro-p-NHCH 2 C 6 H 4 CH 2 NH 2 HCI. 



By a method substantially equivalent to that described in Example 1-H, about 100 mg of D-Phe-Pro-p- 
NHCH 2 C 6 H 4 CH 2 NH 2 -HCI were prepared. The product was purified by RPHPLC (method 1, 98/2 (A/B), ramp 
to 40/60 (A/B), 40 minutes). 
1 H NMR 

FD-MS, m/e 381 (M + ) 



Analysis for C 22 H 28 N 4 0 2 HCM .1TFAH 2 0: 


Calc: 
Found: 


C, 51.87; 
C, 51.78; 


H, 5.77; 
H, 5.88; 


N 10.00; 
N 10.28. 




so A) Preparation of N-Boc-m-(aminomethyl)benzylamine. 

By a procedure substantially equivalent to that described in Example 10-A, 2.6 g (30%) of N-Boc-m-(ami- 
nomethyl)benzylamine were prepared from m-xylenediamine. 
1 H NMR 
55 FD-MS, m/e 237 (MhT) 
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Analysis for C 13 H 20 N 2 O 2 : 


Calc: 
Found: 


C, 66.07; 
C, 65.81; 


H, 8.53; 
H, 8.48; 


N, 11.85; 
N, 11.98. 



B) Preparation of Boc-D-Phe-Pro-m-NHCH2C 6 H4CH 2 NHBoc. 

10 By a method substantially equivalent to that described in Example 1-G, 1 .6 g (95%) of Boc-D-Phe-Pro-m- 

NHCH 2 -C 6 H4CH 2 NHBoc were prepared from Boc-D-Phe-Pro-OH and N-Boc-m-(aminomethyl)benzylamine. 
1 H NMR 

FD-MS, m/e 581 (M + ) 

15 C) Preparation of D-Phe-Pro-m-NHCH 2 C 6 H 4 CH 2 NH 2 HCI. 

By a method substantially equivalent to that described in Example 1-H, about 100 mg of D-Phe-Pro-m- 
NHCH 2 C 6 H 4 CH 2 NH 2 HCI were prepared. 
1 H NMR 
20 FD-MS, m/e 381 (M + ) 



Analysis for C 22 H 28 N 4 0 2 HCITFA-H 2 0: 


Calc: 
Found: 


C, 52.51; 
C, 52.13; 


H, 5.87; 
H, 6.21; 


N 10.21; 
N 10.48. 



Example 12 



30 




40 D-Phe-Pro~NHCH2-trans-4- ( aminomethyl ) cyclohexane • HCI 

A) Preparation of N-Boc-trans-4-(aminomethyl)cyclohexanecarboxylic acid. 

To a solution of trans-4-(ami nom ethyl )cyclohexan ecarboxylic acid (50 g, 31 8 mmol) in 1 N sodium hydrox- 
45 ide (334 mL, 334 mmol) and t-butanol (400 ml_) was added a solution of di-t-butyl dicarbonate (73 g, 334 mmol) 
in tetrahydrofuran (50 ml_). After stirring for 20 hours, the solvents were removed in vacuo and the residue 
was partitioned between water (500 ml_) and diethyl ether (250 ml_). The aqueous phase was washed again 
with diethyl ether (250 mL) and then acidified with solid citric acid, which resulted in the formation of a white 
precipitate. The solid was filtered, washed twice with water (100 mL) and dried in vacuo to yield 48 g (59%) of 
50 white powder. 
1 H NMR 



B) Preparation of HOCH 2 -trans-4-(N-Boc-aminomethyl)cyclohexane. 

To a stirring solution of N-Boc-trans-4-(aminomethyl)cyclohexanecarboxylic acid (15 g, 58 mmol) in tetra- 
hydrofuran (150 mL) at0°C, was added N-methylmorpholine (5.9 g, 58 mmol), followed by ethyl chloroformate 
(6.3 g, 58 mmol). After stirring for 30 minutes, sodium borohydride (6.5 g, 175 mmol) was added, and then me- 



34 



EP 0 672 658 A1 



thanol (300 ml_) was added via an addition funnel over 5 minutes. The mixture was allowed to stir for 1 hour 
and then the solvents were removed in vacuo. The residue was dissolved in ethyl acetate (500 ml_) and washed 
twice with 1 N citric acid (250 ml_), once with water (1 00 ml_), twice with saturated aqueous sodium bicarbonate 
(250 ml_) and once with saturated aqueous sodium chloride (250 ml_). The organic phase was dried (MgS0 4 ), 
5 filtered and concentrated to give 13 g (91%) of the title compound. 
1 H NMR 

C) Preparation of NH 2 CH 2 -trans-4-(N-Boc-aminomethyl)cyclohexane. 

10 To a stirring solution of HOCH 2 -trans-4-(N-Boc-aminomethyl)cyclohexane (1 3 g, 53 mmol) and triphenyl- 

phosphine (21 g, 80 mmol) in tetrahydrofuran (300 ml_) was added diethyl azodicarboxylate (13.9 g, 80 mmol), 
followed by a solution of diphenylphosphoryl azide (22 g, 80 mmol) in tetrahydrofuran (100 ml_). After stirring 
for 16 hours, the solvents were removed in vacuo and the residue was chromatographed over silica gel, eluting 
with a step gradient of ethyl acetate/hexanes (1 : 3) through ethyl acetate/hexanes (3:1). The product containing 

15 fractions (judged by TLC), were combined and concentrated to give 17.4 g of crude product (contaminated 
with higher R f compound). The crude azide was dissolved in methanol (200 ml_) and this solution was added 
to a stirring suspension of finely ground Na 2 S-9H 2 0 (51 g, 212 mmol) and triethylamine (1 g, 11 mmol) in me- 
thanol (100 ml_). The resulting mixture was heated to reflux (16 hours), then cooled to room temperature and 
the solvents were removed in vacuo. The residue was diluted with water (250 ml_) and acidified with solid citric 

20 acid. The aqueous phase was washed twice with ethyl acetate (250 ml_), basified with solid sodium bicarbon- 
ate, and saturated with solid sodium chloride. The aqueous phase was then extracted three times with ethyl 
acetate (200 ml_) and the combined extracts were dried (MgS0 4 ), filtered and concentrated to give 6.4 g (45%) 
of a thick oil. 
1H NMR 

25 

D) Preparation of N-Boc-D-Phe-Pro-NHCH 2 -trans-4-(N-Boc-aminomethyl)cyclohexane. 

By a method substantially equivalent to that described in Example 1-G, 4.5 g (74%) of N-Boc-D-Phe-Pro- 
NHCH 2 -trans-4-(N-Boc-aminomethyl)cyclohexane were prepared from Boc-D-Phe-Pro-OH and NH 2 CH 2 - 
30 trans-4-(N-Boc-aminomethyl)cyclohexane. 
1 H NMR 

FD-MS, m/e 587 (M + ) 

E) Preparation of D-Phe-Pro-NHCH 2 -trans-4-(aminomethyl)cyclohexane HCI. 

35 

By a method substantially equivalent to that described in Example 1-H, 588 mg (75%) of D-Phe-Pro- 
NHCH 2 -trans-4-(aminomethyl)cyclohexaneHCI were prepared. In this case, the analytical RPHPLC of the in- 
termediate TFA salt was very clean, but the salt was hygroscopic. So the salt was dissolved in 0.1 N HCI (20 
ml_), the pH was adjusted to 5, and the sample was lyophilized again to yield the stable white solid, hydrochlor- 
40 ide salt. 
1 H NMR 

FD-MS, m/e 387 (M + ) 



Analysis for C 22 H34N 4 0 2 HCITFA-2H 2 0: 


Calc: 
Found: 


C, 50.30; 
C, 50.44; 


H, 7.04; 
H, 7.20; 


N, 9.78; 
N, 9.62. 



50 
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Example 13 



5 




• HCI 



D-Phe-Pro-p-NHCH2C6H4MH2 -HCl 

15 A) Preparation of Boc-D-Phe-Pro-p-NHCH 2 C 6 H 4 NH 2 . 

By a method substantially equivalent to that described in Example 1-G, 8 g of Boc-D-Phe-Pro-p- 
NHCH2C6H4NO2 were prepared from Boc-D-Phe-Pro-OH and p-N0 2 -benzylamineHCI. The intermediate was 
dissolved in ethanol (250 ml_) and heated to reflux. To this stirring solution was added a solution of Na 2 S 2 0 4 

20 (12.3 g, 70 mmol) in water (125 ml_). After stirring at reflux for 2 hours, the solvents were removed in vacuo 
and the residue was partitioned between ethyl acetate (250 ml_) and water (250 ml_). The aqueous phase was 
extracted again with ethyl acetate (250 ml_) and the combined organic phase was dried (MgS0 4 ), filtered, and 
concentrated in vacuo to give 2.4 g (21%) of a light yellow solid. 
1H NMR 

25 FD-MS, m/e 466 (M + ) 



Analysis for C26H34N4O4: 


Calc: 
Found: 


C, 66.93; 
C, 66.69; 


H, 7.34; 
H, 7.32; 


N, 12.01; 
N, 12.28. 



B) Preparation of D-Phe-Pro-p-NHCH 2 C 6 H 4 NH 2 .HCI. 

By a method substantially equivalent to that described in Example 1-H, 180 mg (60%) of D-Phe-Pro-p- 
NHCH 2 C 6 H 4 NH 2 HCI were prepared. The product was purified by RPHPLC (method 1, 98/2 (A/B), ramp to 
60/40 (A/B), 60 minutes). 
1 H NMR 

FD-MS, m/e 366 (M + ) 



45 



Analysis for C 21 H 26 N 4 O 2 HCI 0.6TFA0.5H 2 O: 


Calc: 
Found: 


C, 55.51; 
C, 55.16; 


H, 6.00; 
H, 6.14; 


N, 11.66; 
N, 11.57. 



50 



55 
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Example 14 



5 



10 




D-Phe-Pro-p-NHCH2CH2C6H4NH2 -HCI 

15 

A) Preparation of Boc-D-Phe-Pro-p-NHCH 2 CH2C 6 H 4 NH2. 

By a method substantially equivalent to that described in Example 13-A, 3 g (23%) of Boc-D-Phe-Pro-p- 
NHCH 2 CH2C 6 H 4 NH2 were prepared from Boc-D-Phe-Pro-OH and p-N0 2 -phenethylamine HCI. 
20 1 H NMR 

FD-MS, m/e 480 (M + ) 



Analysis for C27H 36 N 4 04: 


Calc: 
Found: 


C, 67.48; 
C, 67.30; 


H, 7.55; 
H, 7.54; 


N, 11.66; 
N, 12.34. 



B) Preparation of D-Phe-Pro-p-NHCH 2 CH 2 C 6 H 4 NH 2 HCI. 

By a method substantially equivalent to that described in Example 1-H, 175 mg (58%) of D-Phe-Pro-p- 
NHCH 2 CH 2 C 6 H 4 NH 2 -HCI were prepared. The product was purified by RPHPLC (method 1, 98/2 (A/B), ramp 
to 60/40 (A/B), 60 minutes). 
1 H NMR 

FD-MS, m/e 380 (M + ) 



Analysis for C 22 H 28 N 4 O 2 HCI0.7TFA0.7H 2 O: 


Calc: 
Found: 


C, 55.18; 
C, 55.12; 


H,6.15; 
H, 6.18; 


N, 11.00; 
N, 10.99. 



Example 15 

45 



50 




D-Phe-Pro-p-NHCH2C6H4C (NH) NH2 • HCI 

(D-phenylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide hydrochloride) 

37 
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A) Preparation of p-(aminomethyl)benzonitrileTFA. 

To a stirring suspension of sodium hydride (2.2 g, 56 mmol, 60% dispersion in oil) in tetrahydrofuran (100 
ml_) was added 4-(bromomethyl)benzonitrile (10 g, 51 mmol). To this mixture was added slowly via an addition 

5 funnel a solution of di-t-butyl iminodicarboxylate (12.2 g, 56 mmol). After stirring for 16 hours, the mixture was 
diluted with diethyl ether (300 ml_) and washed twice with water (150 ml_). The organic phase was then dried 
(MgS0 4 ), filtered and concentrated. The resulting solid was then dissolved in a minimum amount of dichloro- 
methane. Anisole (10 ml_) was added, and the solution was cooled to 0 °C. The solution was then diluted with 
trifluoroacetic acid (200 ml_) and allowed to stir for 1 hour. The solvent was then removed in vacuo and the 

10 oily residue was stirred vigorously with diethyl ether (100 ml_) and after a few minutes, the product solidified. 
The precipitate was filtered, washed with diethyl ether, and dried in vacuo to give 11 .3 g (90%) of white powder. 
IR 

1 H NMR 

FD-MS, m/e 132 (M + ) 

15 

B) Preparation of Boc-D-Phe-Pro-p-NHCH 2 C 6 H 4 CN. 

By a method substantially equivalent to that described in Example 1-G, 7.4 g (78%) of Boc-D-Phe-Pro-p- 
NHCH 2 C 6 H 4 CN were prepared from Boc-D-Phe-Pro-OH and p-(aminomethyl)benzonitrileTFA. In this case, 
20 the product was purified by recrystallization from diethyl ether. 
IR 

1 H NMR 

FD-MS, m/e 476 (M + ) 

25 C) Preparation of Boc-D-Phe-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 . 

Hydrogen sulfide gas was bubbled through a solution of Boc-D-Phe-Pro-p-NHCH 2 C 6 H 4 CN (2 g, 4.2 mmol) 
in pyridine (25 ml_) and triethylamine (2.5 ml_) for 30 minutes. The reaction vessel was then sealed and allowed 
to stand at room temperature for 2 days. The solution was then diluted with water (100 ml_) and extracted twice 

30 with ethyl acetate (200 mL). The combined organic phase was washed twice with saturated aqueous sodium 
chloride, dried (MgS0 4 ), filtered and concentrated in vacuo. 

The residue was dissolved in acetone (50 mL), methyl iodide (10 mL) was added, and the solution was 
heated to reflux (2 hours). The solvents were removed in vacuo, the residue was dissolved in methanol (20 
mL), NH 4 OAc (712 mg, 9.2 mmol) was added, and the solution was heated to reflux (12 hours). The solvent 

35 was again removed in vacuo, the residue was dissolved in 1 N citric acid (100 mL) and the aqueous phase 
was washed twice with ethyl acetate (200 mL), then basified with solid sodium bicarbonate, saturated with 
solid sodium chloride, and extracted twice with ethyl acetate (200 mL). The combined ethyl acetate extracts 
were dried (MgS0 4 ), filtered and concentrated to give 1 .4 g (67%) of thick oil. 
1 H NMR 

40 FD-MS, m/e 494 (M + ) 

D) Preparation of D-Phe-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI. 

By a method substantially equivalent to that described in Example 1-H, 7.7 g (57%) of D-Phe-Pro-p- 
45 NHCH 2 C 6 H 4 C(NH)NH 2 HCI were prepared. The product was purified by RPHPLC (method 3, 98/2 (A/B), ramp 
to 70/30 (A/B), 300 minutes). 
1H NMR 

FD-MS, m/e 394 (M + ) 



Analysis for C 22 H 27 N 5 0 2 HCM .4TFA0.5H 2 O: 


Calc: 
Found: 


C, 49.76; 
C, 49.75; 


H, 5.12; 
H, 5.19; 


N, 11.70; 
N, 11.58. 



55 
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Example 16 



5 



10 




D-Phe-Pro-m-NHCH2C6H4C (NH) NH2 • 0 . 75HC1 

15 

A) Preparation of m-(aminomethyl)benzonitrile TFA. 

By a method substantially equivalent to that described in Example 1 5-A, 1 0.8 g (86%) of m-(aminomethyl) 
benzonitrile-TFA were prepared from m-(bromomethyl)benzonitrile. 

20 IR 

1 H NMR 

FD-MS, m/e 132 (M + ) 

B) Preparation of Boc-D-Phe-Pro-m-NHCH 2 C 6 H 4 CN. 

25 

By a method substantially equivalent to that described in Example 1-G, 7.5 g (79%) of Boc-D-Phe-Pro-m- 
NHCH 2 C 6 H 4 CN were prepared from Boc-D-Phe-Pro-OH and m-(aminomethyl)benzonitrileTFA. In this case, 
the product was purified by recrystallization from diethyl ether. 
IR 

30 1 H NMR 

FD-MS, m/e 476 (M + ) 



Analysis for C27H32N4O4: 


Calc: 
Found: 


C, 68.05; 
C, 68.27; 


H, 6.77; 
H, 6.82; 


N, 11.76; 
N, 11.96. 



C) Preparation of Boc-D-Phe-Pro-m-NHCH 2 C 6 H 4 C(NH)NH 2 . 

By a method substantially equivalent to that described in Example 15-C, 1.1 g (53%) of Boc-D-Phe-Pro- 
m-NHCH 2 C 6 H 4 C(NH)NH2 were prepared. 
FD-MS, m/e 494 (M + ) 

D) Preparation of D-Phe-Pro-m-NHCH 2 C 6 H 4 C(NH)NH 2 -0.75HCI. 

By a method substantially equivalent to that described in Example 1-G, 0.65 g (63%) of D-Phe-Pro-m- 
NHCH 2 C 6 H 4 C(NH)NH 2 -0.75 HCI were prepared. The product was purified by RPHPLC (method 2, 98/2 (A/B), 
ramp to 75/25 (A/B), 120 minutes). 
FD-MS, m/e 394 (M + ) 





Analysis for C 22 


H 27 N 5 O 2 0.75HCI-1.2TFA0.5H 2 O: 






Calc. 


C, 51.72; 


H, 5.33; 


H, 12.36; 


CI, 4.69; 


55 














Found: 


C, 51.79; 


1-1,4.93; 


N, 11.96; 


CI, 4.82. 
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Example 17 



5 



10 




D-hPro-Pro-p-NHCH2C6H4C { NH ) NH2 -HC1 

15 

(D-homoprolyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide hydrochloride) 
A) Preparation of Cbz-D-hPro-OH. 

20 D-hPro-OH (5.0 g, 38.7 mmol) was dissolved in tetrahydrofuran (100 ml_) and water (30 ml_). The pH of 

the solution was adjusted to 9.5 with 2 N sodium hydroxide and benzyl chloroformate (5.5 ml_, 38.7 mmol) was 
added dropwise and the pH maintained at 9.5 with 2 N sodium hydroxide. The reaction was stirred for an ad- 
ditional 1 hour at room temperature. The organic solvent was evaporated in vacuo, diethyl ether (100 ml_) and 
water (50 mL) was added to the residue. The aqueous layer separated, the pH of the solution was adjusted to 

25 2.8 with 3 N hydrochloric acid and ethyl acetate (150 mL) was added. The organic layer was separated and 
dried (MgS0 4 ); the filtrate was concentrated in vacuo to give 9.6 g (95%) of a clear oil. 
1 H NMR 

FD-MS, m/e 264 (MhT) 

30 B) Preparation of Cbz-D-hPro-Pro-OH. 

Cbz-D-hPro-OH (9.5 g, 36 mmol) was dissolved in ethyl acetate (100 mL) and the solution cooled to 0 °C. 
Added to the solution was 2,4,5-trichlorophenol (7.1 g, 36 mmol) and 1,3-dicyclohexylcarbodiimide (7.4 g, 36 
mmol). The reaction was stirred for 1 hour at 0 °C and 1 hour at room temperature. The precipitate was filtered 

35 and the filtrate concentrated in vacuo to an oil. The oil was dissolved in pyridine (100 mL), Pro-OH (4.2 g, 36 
mmol), and triethylamine (5.0 mL, 36 mmol) were added. The reaction was stirred at room temperature (24 
hours). The reaction solvent was removed in vacuo to an oil. The residue was dissolved in water (100 mL), 
diethyl ether (50 mL) was added and the pH adjusted to 9.5 with 2 N sodium hydroxide. The aqueous layer 
extracted twice with diethyl ether. The aqueous layer separated, the pH adjusted to 2.8 with 3 N hydrochloric 

40 acid and ethyl acetate (1 50 mL) was added. The organic layer was separated, dried (MgS0 4 ), and the filtrate 
evaporated in vacuo to an amorphous solid (11 .4 g, 88%). 
FD-MS 361 (M + ); 



Analysis for C 19 H 24 N 2 0 5 : 


Calc: 
Found: 


C, 63.32; 
C, 63.42; 


H,6.71; 
H, 6.84; 


N, 7.77; 
N, 7.96. 



C) Preparation of Cbz-D-hPro-Pro-p-NHCH 2 C 6 H 4 CN. 

By a method substantially equivalent to that described in Example 1-G, 2.2 g (84%) of Cbz-D-hPro-Pro- 
p-NHCH 2 C 6 H 4 CN were prepared from Cbz-D-hPro-Pro-OH and p-NH 2 CH 2 C 6 H 4 CNTFA. 
1H NMR 

FD-MS, m/e 474 (M + ) 
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Analysis for C 2 7H3 0 N 4 O4: 


Calc: 
Found: 


C, 68.34; 
C, 68.36; 


H, 6.37; 
H, 6.47; 


N, 11.81; 
N, 11.57. 



D) Preparation of D-hPro-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI. 

10 By a method substantially equivalent to that described in Example 15-C, Cbz-hPro-Pro-p- 

NHCH 2 C 6 H 4 C(NH)NH2 (28 mmol, theoretical) was prepared. This crude material was then dissolved in acetic 
acid (350 ml_) and HBr gas was bubbled through the solution for 30 minutes. After stirring for an additional 1 
hour, the solvent was removed in vacuo and the residue was dissolved in water (200 ml_) and washed twice 
with ethyl acetate (100 mL). The aqueous phase was then adjusted to pH 4 with ion exchange resin (Bio Rad 

15 AG1-X8, in basic form) and lyophilized to give a fluffy white solid. The product was then redissolved in water 
(25 mL) and purified by preparative RPHPLC (method 3, 98/2 (A/B), ramp to 70/30 (A/B), 300 minutes) to give 
5 g (41%) of hPro-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 .0.9HC|.0.9HBr.0.5H 2 O. 
1H NMR 



FD-MS, m/e 357 (M + ) 



20 


Analysis for C 19 


H 27 N 5 O 2 0.9HCI0.9HBr0.5H 2 O: 








Calc: 


C, 48.34; 


H, 6.36; 


N, 14.83; 


CI, 6.76; 


Br, 15.23; 




Found: 


C, 48.66; 


H, 6.36; 


N, 14.62; 


CI, 7.14; 


Br, 14.90. 



25 



Example 18 



30 



35 




40 l-Piq-Pro-p-NHCH2C6H4C (NH)NH2 - 2HC1 

(N-[[4-(aminoiminomethyl)phenyl]methyl]-1-[[(4aS,8aS)-decahydro-1(R)-isoquinolinyl]carbonyl]-L-prolinamide 
dihydrochloride) 

45 A) Preparation of Cbz-D-1-Piq-Pro-OH. 

A solution of 1-isoquinolinecarboxylic acid (50 g, 0.288 mol) in EtOH (150 mL) and 60 mL of 5N HCI was 
reduced over 5% Rh/Al 2 0 3 (14 g) at 52 bar (750 psi) of hydrogen in a high pressure apparatus at 50 °C for 1 7 
hours. The reaction mixture was filtered through a pad of diatomaceous earth, and the filtrate was concen- 

50 trated in vacuo . The solid was triturated with water, filtered and dried to give D L- per hydro- 1-isoqui noli necar- 
boxylic acid (DL-1-Piq-OH) (30 g, 48%) FD-MS 184 (MhT). 

DL-1-Piq-OH (30.2 g, 137 mmol) was dissolved in tetrahydrofuran (150 mL) and water (150 mL). The pH 
of the solution was adjusted to 9.8 with 5N NaOH, and benzyl chloroformate (21.6 mL, 151 mmol) was added 
dropwise and the pH maintained at 9.5 with 2N NaOH. The reaction was stirred for an additional 2 hours at 

55 room temperature. The organic solvent was evaporated in vacuo , and diethyl ether (150 mL) and water (50 
mL) were added to the residue. The aqueous layer was separated, the pH of the solution was adjusted to 2.5 
with 5N HCI, and ethyl acetate (200 mL) was added. The organic layer was separated and dried (MgS0 4 ) and 
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the filtrate was concentrated in vacuo to give a clear oil. The oil was dissolved in diethyl ether (150 ml_) and 
the solution allowed to stand at room temperature (24 hours). The precipitate was filtered and dried to give 2- 
Cbz-DL-perhydro-1-isoquinolinecarboxylic acid (Cbz-DL-1-Piq-OH) (32 g, 75%) FD-MS 318 (MH + ). 

Cbz-DL-1-Piq-OH (31.8 g, 100 mmol) was dissolved in DMF (100 ml_) and cooled to 0 °C. To the reaction 

5 was added proline t- butyl ester (17.1 g, 100 mmol), 1-hydroxybenzotriazole (13.5 g, 100 mmol), and DCC(20.6 
g, 100 mmol). The reaction was stirred for 3 hours at 0 °C and 24 hours at room temperature. The reaction 
precipitate was filtered and the filtrate concentrated in vacuo to an oil. The oil was dissolved in EtOAc (200 
ml_) and water (1 00 ml_). The organic layer was separated, and washed sequentially with 1 N NaHC0 3 , water, 
1.5N citric acid, and water. The organic layer was dried (MgS0 4 ), and the filtrate evaporated to an oil which 

10 was dried to give 2-Cbz-DL-perhydro-1-isoquinolinecarbonyl-L-prolyl t-butyl ester (Cbz-DL-1-Piq-Pro-O-t-Bu) 
(47.0 g, 100%) FAB-MS 470 (MH + ). 

Cbz-DL-1-Piq-Pro-O-t-Bu (47.0 g, 100 mmol) was placed in a round bottom flask containing trifluoroacetic 
acid (1 00 ml_), CH 2 CI 2 (35 ml_), anisole (5 ml_) and stirred at room temperature (1 hour). The reaction was con- 
centrated in vacuo without heating, and diethyl ether (1 00 ml_) and water (100 mL) were added. The pH of the 

15 solution was adjusted to 9.8 with 5N NaOH. The aqueous layer was separated, the pH of the solution was ad- 
justed to 2.5 with 5N HCI, and ethyl acetate (200 mL) was added. The organic layer was separated and dried 
(MgS0 4 ) and the filtrate was concentrated in vacuo to give a clear oil. The oil was dissolved in diethyl ether 
(700 mL) and (L)-(-)-a-methylbenzylamine added to the solution. The solution was allowed to stand at room 
temperature for 5 days. The resulting solid was filtered and washed with diethyl ether. The filtrate was washed 

20 with 1.5N citric acid, and water. The organic layer was dried (MgS0 4 ), and the filtrate evaporated to an oil. 
The oil was dissolved in diethyl ether (400 mL) and allowed to stand at room temperature (48 hours). The re- 
sulting solid was filtered, washed with diethyl ether, and dried to give 2-Cbz-D-perhydro-1-isoquinolinecarbo- 
nyl-L-proline (Cbz-D-1-Piq-Pro-OH) (5.86 g, 36%) FAB-MS 415 (MhT); [a] D = -34.2° (C= 0.5, MeOH). 

25 B) Preparation of N-Boc-p-(aminomethyl)benzonitrile. 

To a stirring suspension of sodium hydride (4.6 g, 115 mmol, 60% dispersion in oil) in tetrahydrofuran (150 
mL) was added 4-(bromomethyl)benzonitrile (20.5 g, 1 05 mmol). To this mixture was added (slowly via an ad- 
dition funnel) a solution of di-t-butyl iminodicarboxylate (25 g, 115 mmol). After stirring for 1 6 hours, the mixture 

30 was diluted with diethyl ether (500 mL) and washed twice with water (250 mL). The organic phase was then 
dried (MgS0 4 ), filtered and concentrated to give 40.2 g of crude solid. 

The resulting solid (28.3 g, 85 mmol) was then dissolved in tetrahydrofuran (150 mL) and a solution of 
sodium hydroxide (3.4 g, 85 mmol) in methanol (300 mL) was added. After stirring overnight, the solution was 
concentrated to about one-half volume and water was added to promote precipitation of the product. The pre- 

35 cipitate was filtered and dried in vacuo to give 18.5 g (94%) of a white solid. 
IR 

1H NMR 

FD-MS, m/e 232 (M + ) 



Analysis for C 13 H 16 N 2 02: 


Calc: 
Found: 


C, 67.22; 
C, 67.19; 


H, 6.94; 
H, 7.16; 


N, 12.06; 
N, 11.82. 



45 

C) Preparation of p-(BocNHCH 2 )C 6 H 4 C(NH)NHCbz. 

By a method substantially equivalent to that described in Example 15-C, N-Boc-p-(aminomethyl)benzoni- 
5o trile (32.7 g, 140 mmol) was elaborated to p-(BocNHCH 2 )C 6 H 4 C(NH)NH 2 . The residue from this procedure was 
dissolved in dimethylformamide (700 mL) and N,N-diisopropylethylamine (72 g, 560 mmol) was added. To this 
stirring solution was added dropwise benzyl chloroformate (48 g, 280 mmol). After stirring for 16 hours, water 
(1 00 mL) was added and then the solvents were removed in vacuo. The residue was partitioned between water 
(250 mL) and ethyl acetate (500 mL). The phases were separated and the organic phase was washed three 
times with saturated aqueous ammonium chloride (250 mL), once with water (200 mL) and twice with saturated 
aqueous sodium bicarbonate (250 mL). The organic phase was then dried (MgS0 4 ), filtered and concentrated 
and the product was recrystallized from diethyl ether to give 14 g (26%) of white solid. 
1 H NMR 
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FD-MS, m/e 384 (M + ) 

D) Preparation of p-H 2 NCH 2 C 6 H 4 C(NH)NHCbz.2HCI. 

5 To a solution of p-(BocNHCH 2 )C 6 H 4 C(NH)NHCbz (11 g, 28.7 mmol) in dichloromethane (125 ml_) at 0 °C, 

was added anisole (10 ml_) followed by trifluoroacetic acid (125 ml_). After stirring for 2 hours, the solvents 
were removed in vacuo and the residue was dissolved in 1 N hydrochloric acid (50 ml_) and washed twice with 
diethyl ether (50 ml_). The pH was adjusted to 3 with ion exchange resin (Bio Rad AG1-X8, in basic form) and 
the solution was lyophilized to give 9.2 g (90%) of white powder. 

10 1 H NMR 

FD-MS, m/e 284 (M + ) 

E) Preparation of Cbz-1-Piq-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz. 

15 By a method substantially equivalent to that described in Example 1-G, 4.4 g (79%) of Cbz-1-Piq-Pro-p- 

NHCH 2 C 6 H 4 C(NH)NHCbz were prepared from Cbz-1-Piq-Pro-OH and p-H 2 NCH 2 C 6 H 4 C(NH)NHCbz-2HCI. In 
this case, the reaction was performed in dimethylformamide due to solubility problems with p- 
H 2 NCH 2 C 6 H 4 C(NH)NHCbz-2HCI. 
1 H NMR 



20 FD-MS, m/e 681 (MhT) 





Analysis for C 39 


H 45 N 5 O e : 








Calc: 


C, 68.91; 


H, 6.67; 


N, 10.30; 


25 


Found: 


C, 68.71; 


H, 6.93; 


N, 10.38. 



F) Preparation of 1-Piq-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 -2HCI. 

To a solution of Cbz-1-Piq-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz (4.2 g, 6.1 mmol) in ethanol (200 ml_), was add- 
ed 1 N hydrochloric acid (18.3 ml_, 18.3 mmol) and water (1 00 ml_). To this stirring solution was added 5% Pd/C 
(1 g), and hydrogen gas was bubbled through the solution for a period of 2 hours. The mixture was then flushed 
with nitrogen, and then filtered through a pad of diatomaceous earth. The filtrate was then concentrated in 
vacuo, redissolved in water (25 ml_) and purified by RPHPLC (method 2, 98/2 (A/B), ramp to 60/40 (A/B), 300 
minutes), to give 1.3 g (53%) of 1-Piq-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 -2HCI. 
1H NMR 

FD-MS, m/e 412 (M + ) 



Analysis for C23H33N5O2-l.9HCI-2.5H2O: 


Calc: 
Found: 


C, 52.53; 
C, 52.63; 


H, 7.65; 
H, 7.36; 


N, 13.32; 
N, 13.47; 


CI, 12.81; 
CI, 12.95. 



50 



55 



43 



EP 0 672 658 A1 



Example 19 



5 



10 




D-3 -Piq-Fro-p-NHCH2C6H4C (NH) NH2 - 3HC1 

15 

A) Preparation of Cbz-D-3-Piq-Pro-OH. 

D-Phenylalanine (50 g, 302 mmol) was reacted with a 37% solution of formaldehyde (120 ml_) and con- 
centrated HCI (380 ml_) at reflux. After 30 minutes an additional 50 mLof formaldehyde was added and reaction 
20 continued for 3 hours. The reaction cooled to -10 °C and the precipitate was filtered. The solid was dried in 
vacuo to give D-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid (24.2 g, 45%) FD-MS 178 (MH + ). 

Asolution of D-1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid (17 g, 96 mmol) in water (200 ml_) and 20 
ml_ of 5N HCI was hydrogenated over 5% Rh/Al 2 0 3 (8.5 g) at 138 bar (2000 psi) in a high pressure apparatus 
at 120 °C for 1 6 hours. The reaction mixture was filtered through a pad of diatomaceous earth and the filtrate 
25 was freeze-dried to give D-perhydro-3-isoquinolinecarboxylic acid (D-3-Piq-OH) (21 g, 100%) FD-MS 184 
(MH + ). 

D-3-Piq-OH (21.0 g, 95.8 mmol) was dissolved in tetrahydrofuran (75 mL) and water (50 ml_). The pH of 
the solution was adjusted to 10.0 with 5N NaOH, and benzyl chloroformate (16.4 mL, 115 mmol) was added 
dropwise and the pH maintained at 9.5 with 2N NaOH. The reaction was stirred for an additional 1 hour at room 

30 temperature. The organic solvent was evaporated in vacuo , and diethyl ether (1 00 mL) and water (50 mL) were 
added to the residue. The aqueous layer was separated, the pH of the solution was adjusted to 3.0 with 3N 
HCI, and ethyl acetate (250 mL) was added. The organic layer was separated and dried (MgS0 4 ). The filtrate 
was concentrated in vacuo to give a clear oil of 2-Cbz-D-perhydro-3-isoquinolinecarboxylic acid (Cbz-D-3-Piq- 
OH) (25.8 g, 85%) FD-MS 318 (MH + ). 

35 Cbz-D-3-Piq-OH (17.2 g, 54 mmol) was dissolved in DMF (50 mL) and cooled to 0 °C. To the reaction was 

added proline t-butyl ester (9.2 g, 54 mmol), 1-hydroxybenzotriazole (7.3 g, 54 mmol), and DCC (11.1 g, 54 
mmol). The reaction was stirred for 3 hours at 0 °C and 24 hours at room temperature. The reaction precipitate 
was filtered and the filtrate concentrated in vacuo to an oil. The oil was dissolved in EtOAc (200 mL) and water 
(100 mL). The organic layer was separated, and washed sequentially with 1N NaHC0 3 , water, 1.5N citric acid, 

40 and water. The organic layer was dried (MgS0 4 ), and the filtrate evaporated to an oil which was dried to give 
2-Cbz-D-perhydro-3-isoquinolinecarbonyl-L-proline t-butyl ester (Cbz-D-3-Piq-Pro-O-Bu) (23.8 g, 94%) FAB- 
MS 471 (MH + ). 

Cbz-D-3-Piq-Pro-O-t-Bu (31 .2 g, 66.3 mmol) was placed in a round bottom flask containing trif luoroacetic 
acid (1 00 mL), anisole (5 mL), and stirred at room temperature (1 hour). The reaction was concentrated in vacuo 

45 without heating, and diethyl ether (150 mL), and water (100 mL) were added. The pH of the solution was ad- 
justed to 9.8 with 5N NaOH. The aqueous layer was separated, the pH of the solution was adjusted to 2.8 with 
3N HCI, and ethyl acetate (200 mL) was added. The organic layer was separated, dried (MgS0 4 ), and filtered. 
The filtrate was concentrated in vacuo to give a clear oil. The oil was dissolved in diethyl ether (300 mL) and 
the solution was allowed to stand at room temperature (24 hours). The resulting solid was filtered, washed 

50 with diethyl ether, and dried to give 2-Cbz-perhydro-3-isoquinolinecarbonyl-L-proline (Cbz-D-3-Piq-Pro-OH) 
(13.5 g, 49%) FAB-MS 415 (MH + ). 



Analysis for C23H30N2O5: 


Calc: 
Found: 


C, 66.65; 
C, 66.90, 


H, 7.29; 
H, 7.33, 


N, 6.76; 
N, 6.81. 
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B) Preparation of Cbz-D-3-Piq-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz. 

By a method substantially equivalent to that described in Example 18-E, 1.6 g (49%) of Cbz-D-3-Piq-Pro-p- 
NHCH 2 C 6 H 4 C(NH)NHCbz were prepared from Cbz-D-3-Piq-Pro-OH and p-H 2 NCH 2 C 6 H 4 C(NH)NHCbz.2HCI. 
5 FD-MS, m/e 680 (M + ) 

C) Preparation of D-3-Piq-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 3HCI. 

By a method substantially equivalent to that described in Example 17-C, 150 mg of D-3-Piq-Pro-p- 
10 NHCH 2 C 6 H 4 C(NH)NH 2 -3HCI were prepared. The product was purified by RPHPLC (method 2, 98/2 (A/B), ramp 
to 60/40 (A/B), 240 minutes). 
1 H NMR 

FD-MS, m/e 412 (M + ) 



15 


Analysis for C 23 


H 3 3N 5 O 2 -3HC|.0.5H 2 O: 






Calc: 


C, 52.13; 


H, 7.04; 


N, 13.22; 




Found: 


C, 52.35; 


H, 7.23; 


N, 12.95. 



20 



Example 20 



25 



30 




D-hPro-Ohi-p-NHCH2C6H4C (NH)NH2 • 3HC1 

35 

((S-cis)-N-[[4-(aminoiminomethyl)phenyl]methyl]-octahydro-1-D-homoprolyl-1H-indole-2-carboxamide trihy- 
drochloride) 

4o A) Preparation of Cbz-D-hPro-Ohi-OH. 

HCI gas was bubbled through a stirring suspension of (S)-indoline-2-carboxylic acid (20 g, 110 mmol) in 
ethanol (500 ml_). When the acid was completely dissolved, the solution was brought to reflux. After 16 hours, 
the solution was cooled and the solvent removed in vacuo. The residue was triturated with diethyl ether and 
the resulting off-white solid was collected by filtration, washed with hexanes and dried overnight in a vacuum 
oven at 30 °C to give (S)-indoline-2-carboxylic acid ethyl ester HCI (25.7 g, 78%). 

The solid was dissolved in ethanol (800 ml_), 5% Pd/C (25 g) was added, and the resulting suspension 
was hydrogenated on a Parr shaker for 8 hours (4.1 bar, 60 psi). The solution was filtered and the solvent was 
removed in vacuo. The residue was dissolved triturated with diethyl ether and 18.8 g (73%) of an off white 
5o solid (cis-Ohi-OEt-HCI) were collected by filtration. 

By a method substantially equivalent to that described in Example 1-A, 13.5 g (93%) of Cbz-D-hPro-cis- 
Ohi-OEt were prepared from Cbz-D-hPro-OH and cis-Ohi-OEt-HCI. 
1 H NMR 

FD-MS, m/e 442 (M + ) 
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Analysis for C25H34N2O5: 


Calc: 
Found: 


C, 67.85; 
C, 67.59; 


H, 7.74; 
H, 7.72; 


N, 6.33; 
N, 6.48. 



By a method substantially equivalent to that described in Example 1-D, 12.5 g (102%) of Cbz-D-hPro-cis- 
Ohi-OH were prepared. 
1 H NMR 
10 FD-MS, m/e 414 (M + ) 



Analysis for C23H30N2O5: 


Calc: 
Found: 


C, 66.65; 
C, 66.46; 


H, 7.29; 
H, 7.30; 


N, 6.76; 
N, 6.86. 



B) Preparation of Cbz-D-hPro-Ohi-p-NHCH 2 C 6 H 4 C(NH)NHCbz. 

By a method substantially equivalent to that described in Example 18-E, 3.3 g (67%) of Cbz-D-hPro-Ohi-p- 
NHCH 2 C 6 H 4 C(NH)NHCbz were prepared from Cbz-D-hPro-Ohi-OH and p-H 2 NCH 2 C 6 H 4 C(NH)NHCbz-2HCI. 
1 H NMR 

FD-MS, m/e 681 (MhT) 

C) Preparation of D-hPro-Ohi-p-NHCH 2 C 6 H 4 C(NH)NH2-3HCI. 

By a method substantially equivalent to that described in Example 18-F, 2.2 g (66%) of D-hPro-Ohi-p- 
NHCH 2 C 6 H 4 C(NH)NH 2 -3HCI were prepared. The product was purified by RPHPLC (method 2, 98/2 (A/B), ramp 
to 60/40 (A/B), 3000 minutes). 
1 H NMR 

FD-MS, m/e 412 (M + ) 



Analysis for C 23 H33N 5 O2-3HCI-0.5H 2 O: 


Calc: 
Found: 


C, 52.13; 
C, 51.98; 


H, 7.04; 
H, 7.04; 


N, 13.22; 
N 13.35. 



40 Example 21 



45 



50 




D-hPro-N(PhCH2CH2 ) Gly-p-NHCH2C6H4C ( NH ) NH2 -2HC1 
(D-homoprolyl-N(a)-(2-phenylethyl)-N-[[4-(aminoiminomethyl)phenyl]methyl]glycinamide dihydrochloride) 
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A) Preparation of Cbz-D-hPro-N(PhCH 2 CH 2 )Gly-OH. 

To a solution of phenethylamine (58 mL, 461 mmol) and triethylamine (21 ml_, 154 mmol) in ethanol (200 
ml_) at 0 °C was added a solution of t-butyl bromoacetate (30 g, 154 mmol) in ethanol (50 mL) over 1 hour. 

5 The cold bath was left unattended and the solution was allowed to warm to room temperature. After stirring 
overnight, the solvents were removed in vacuo and the residue was dissolved in 1N citric acid. The aqueous 
solution was washed twice with diethyl ether, basified with solid sodium bicarbonate, and then extracted three 
times with ethyl acetate (200 mL). The combined ethyl acetate extracts were dried (MgS0 4 ), filtered and al- 
lowed to stand for 24 hours. The resulting precipitate was filtered, washed with diethyl ether, and dried to give 

10 10.5 g of white solid. The mother liquor was concentrated to a volume of about 100 mLand then diluted with 
diethyl ether (400 mL). After standing for 30 minutes, the solution was filtered to yield an additional 23.5 g of 
white solid for a combined total of 34 g (94%) of N(PhCH 2 CH 2 )Gly-0-t-Bu. 
1 H-NMR 

FD-MS, m/e 235 (M + ) 

15 By a method substantially equivalent to that described in Example 1-A, 10.8 g (56%) of Cbz-D-hPro-N- 

(PhCH 2 CH 2 )Gly-0-t-Bu were prepared from Cbz-D-hPro-OH and N(PhCH 2 CH 2 )Gly-0-t-Bu. 
1 H NMR 

FD-MS, m/e 480 (M + ) 



Analysis for C 28 H 36 N 2 0 5 : 


Calc: 
Found: 


C, 69.98; 
C, 69.68; 


H, 7.55; 
H, 7.56; 


N, 5.83; 
N, 5.77. 



By a method substantially equivalent to that described in Example 18-A, for the deprotection of Cbz-DL- 
1-Piq-Pro-O-t-Bu, 9.2 g (100%) of Cbz-D-hPro-N(PhCH 2 CH 2 )Gly-OH were prepared. 
1 H NMR 

FD-MS, m/e 425 (M + ) 



Analysis for C 24 H 28 N 2 0 5 : 


Calc: 
Found: 


C, 67.91; 
C, 68.19; 


H, 6.65; 
H, 6.68; 


N, 6.60; 
N, 6.71. 



35 

B) Preparation of Cbz-D-hPro-N(PhCH 2 CH 2 )Gly-p-NHCH 2 -C 6 H 4 C(NH)NHCbz. 

By a method substantially equivalent to that described in Example 18-E, 3.2 g (55%) of Cbz-D-hPro-N- 
40 (PhCH 2 CH 2 )Gly-p-NHCH 2 C 6 H 4 C(NH)NHCbz were prepared from Cbz-D-hPro-N(PhCH 2 CH 2 )Gly-OH and p- 
H 2 NCH 2 C 6 H 4 C(NH)NHCbz2HCI. 
1H NMR 

FD-MS, m/e 690 (M + ) 



Analysis for C 40 H 43 N 5 O 6 : 


Calc: 
Found: 


C, 69.65; 
C, 69.80; 


H, 6.28; 
H, 6.46; 


N, 10.15; 
N, 10.14. 



50 

C) Preparation of D-hPro-N(PhCH 2 CH 2 )Gly-p-NHCH 2 C 6 H 4 C(NH)NH 2 -2HCI. 

By a method substantially equivalent to that described in Example 19-F, 770 mg (54%) of D-hPro-N- 
(PhCH 2 CH 2 )Gly-p-NHCH 2 C 6 H 4 C(NH)NH 2 .2HCI were prepared. The product was purified by RPHPLC (method 
55 2, 98/2 (A/B), ramp to 85/15 (A/B), 120 minutes). 
1 H NMR 

FD-MS, m/e 423 (MhT) 
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Analysis for C^HU^O^HCI: 


Calc: 
Found: 


C, 58.30; 
C, 58.05; 


H, 6.73; 
H, 6.60; 


N, 14.16; 
N, 14.28. 



Example 22 



10 



15 



20 




D-hPro-Pro (4-cis-PhO) -P-NHCH2C6H4C (NH) NH2 -2HC1 

25 

(cis-D-homoprolyl-N-[[4-(aminoiminomethyl)-phenyl]methyl]-4-phenoxy-L-proli di hydrochloride) 

A) Preparation of Cbz-D-hPro-Pro(4-cis-PhO)-OH. 

30 To a solution of Cbz-Pro(4-trans-OH)-Et (58.8 g, 200 mmol), triphenylphosphine (65.6 g, 250 mmol), and 

phenol (23.5 g, 250 mmol) in tetrahydrofuran (500 ml_) at 0 °C, was added (dropwise over 1 hour) a solution 
of diethyl azodicarboxylate (40 mL, 250 mmol) in tetrahydrofuran (50 ml_). The cold bath was then removed 
and the solution was allowed to warm to room temperature (1 6 hours). The solvent was then removed in vacuo 
and the remaining amber syrup was triturated with diethyl ether. The white solid was removed by filtration and 

35 the filtrate was concentrated. The residue was then chromatographed over silica gel (1 Kg), eluting with a step 
gradient from hexanes through 1:1 ethyl acetate/hexanes. The fractions containing pure product (as judged 
by TLC) were combined and concentrated in vacuo to give 36.3 g (50%) of Cbz-Pro(4-cis-phenoxy)-OEt as a 
colorless syrup. 
1 H NMR 

40 FD-MS, m/e 369 (M + ) 



45 



Analysis for C21H23NO5: 


Calc: 
Found: 


C, 68.28; 
C, 68.38; 


H, 6.28; 
H.6.30; 


N, 3.79; 
N, 3.89. 



To a solution of Cbz-Pro(4-cis-phenoxy)-OEt (25 g, 67.7 mmol) in ethanol (400 mL) was added 5% Pd/C 
(5 g). After bubbling hydrogen through the solution for 3 hours, the solution was filtered through a pad of dia- 
tomaceous earth, 3 mL of concentrated hydrochloric acid were added, and the solution was concentrated in 
vacuo. The residue was suspended in diethyl ether with vigorous stirring and then filtered and dried to give 
14.2 g (77%) of Pro(4-cisphenoxy)-OEt-HCI as a white solid. 
1 H NMR 

FD-MS, m/e 235 (M + ) 
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Analysis for C 13 H 18 N0 3 CI: 


Calc: 
Found: 


C, 57.46; 
C, 57.68; 


H, 6.68; 
H, 6.78; 


N, 5.15; 
N, 5.18. 



By a method substantially equivalent to that described in Example 1-A, 19.4 g (100%) of Cbz-D-hPro- 
Pro(4-cis-phenoxy)-OEt were prepared from Cbz-D-hPro-OH and Pro(4-cis-phenoxy)-OEtHCI. 
1 H NMR 
10 FD-MS, m/e 480 (M + ) 



Analysis for C27H 3 2N 2 0 6 : 


Calc: 
Found: 


C, 67.48; 
C, 67.71; 


H,6.71; 
H,6.79; 


N, 5.83; 
N, 5.89. 



By a method substantially equivalent to that described in Example 1-D, 16 g (100%) of Cbz-D-hPro-Pro(4- 
cis-phenoxy)-OH were prepared. 
1H NMR 

FD-MS, m/e 452 (M + ) 



Analysis for C25H 2 8N 2 0 6 : 


Calc: 
Found: 


C, 66.36; 
C, 66.22; 


H, 6.24; 
H,6.18; 


N, 6.19; 
N, 6.17. 



B) Preparation of Cbz-D-hPro-Pro(4-cis-PhO)-p-NHCH 2 C 6 H 4 C(NH)NHCbz. 

30 

By a method substantially equivalent to that described in Example 18-E, 4.55 g (75%) of Cbz-D-hPro- 
Pro(4-cis-PhO)-p-NHCH 2 C 6 H 4 C(NH)NHCbz were prepared from Cbz-D-hPro-Pro(4-cis-PhO)-OH and p- 
H 2 NCH 2 C 6 H 4 C(NH)NHCbz.2HCI. 
1 H NMR 
35 FD-MS, m/e 718 (M + ) 

C) Preparation of D-hPro-Pro(4-cis-PhO)-p-NHCH 2 C 6 H 4 C(NH)NH 2 2HCI. 

By a method substantially equivalent to that described in Example 18-F, 873 mg (40%) of D-hPro-Pro(4- 
40 cis-PhO)-p-NHCH 2 C 6 H 4 C(NH)NH 2 -2HCI were prepared. The product was purified by RPHPLC (method 2, 98/2 
(A/B), ramp to 85/15 (A/B), 120 minutes). 
1H NMR 

FD-MS, m/e 451 (MH + ) 



Analysis for C 25 H 31 N 5 0 3 -2HCI: 


Calc: 
Found: 


C, 57.47; 
C, 57.22; 


H, 6.37; 
H, 6.29; 


N, 13.40; 
N, 13.47. 
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Example 23 



5 




• HCI 



EtS02-D-Phe-Pro-p-NHCH2C6H4C ( NH ) NH2 -HCl 

15 (N-(ethylsulfonyl)-D-phenylalanyl-N-[[4-(aminoiminometh^ hydrochloride) 

A) Preparation of p-NH 2 CH 2 -C 6 H 4 CN.HCI. 

HCI gas was bubbled through a stirring solution of N-Boc-p-aminomethylbenzonitrile (15 g, 64.6 mmol) in 
20 ethyl acetate (400 ml_) at 0 °C for 1 0 minutes. The cold bath was removed and after stirring for 1 .5 hours, the 
solvent was removed in vacuo and the residue was suspended in diethyl ether, filtered, washed with diethyl 
ether and dried to give 10.1 g (93%) of white solid. 
IR 

1H NMR 



25 FD-MS, m/e 132 (M + ) 





Analysis for C 8 H 9 N 2 CI: 




Calc: 


C, 56.98; 


H, 5.38; 


N, 16.61; 


CI, 21.02; 


30 


Found: 


C, 56.36; 


H, 5.46; 


N, 16.22; 


CI, 21.31. 



B) Preparation of EtS0 2 -D-Phe-Pro-p-NHCH 2 -C 6 H 4 CN. 

By a method substantially equivalent to that described in Example 1-G, 1 .5 g (80%) of EtS0 2 -D-Phe-Pro- 
p-NHCH 2 -C 6 H 4 CN were prepared from EtS0 2 -D-Phe-Pro-OH and p-NH 2 CH 2 -C 6 H 4 CN HCI. 
IR 

1 H NMR 

FD-MS, m/e 468 (M + ) 



Analysis for C 24 H 28 N 4 0 4 S: 


Calc: 
Found: 


C, 61.52; 
C, 61.23; 


H, 6.02; 
H, 6.13; 


N, 11.90; 
N, 11.80. 



C) Preparation of EtS0 2 -D-Phe-Pro-p-NHCH 2 -C 6 H 4 C(=NOH)NH 2 HCI. 

so To a solution of EtS0 2 -D-Phe-Pro-p-NHCH 2 -C 6 H 4 CN (1 g, 2.1 mmol) in absolute ethanol (35 ml_) was add- 

ed N,N-diisopropylethylamine (0.47 ml_, 2.7 mmol) followed by hydroxylamine hydrochloride (185 mg, 2.7 
mmol) and the solution was brought to reflux. After 16 hours, the solution was cooled and the solvents were 
removed in vacuo . 250 mg of this material were taken on to the next step and the remaining material was puri- 
fied by RPHPLC (method 1, 90/10 (A/B); ramp to 60/40 (A/B) over 200 minutes). 

55 IR 

1 H NMR 

FD-MS, m/e 501 (M + ) 
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Analysis for C24H 31 N 6 0 6 S-1.2HCI-H20: 


Calc: 
Found: 


C, 51.17; 
C, 51.04; 


H, 6.12; 
H, 5.81; 


N, 12.42; 
N, 12.39; 


CI, 7.55; 
CI, 7.18. 



D) Preparation of EtS0 2 -D-Phe-Pro-p-NHCH 2 -C 6 H 4 C(=NH)NH 2 HCI. 

10 To a solution of EtS0 2 -D-Phe-Pro-p-NHCH2-C 6 H 4 C(=NOH)NH2-HCI (250 mg, 0.52 mmol) in ethanol (40 

ml_) and water (19 mL) was added 1 N HCI (1 ml_) followed by 5% Pd on carbon (250 mg). The stirring sus- 
pension was placed under an atmosphere of hydrogen for 18 hours and was then filtered, concentrated and 
purified by RPHPLC (method 1, 90/10 (A/B), ramp to 60/40 (A/B) over 200 minutes) to give 140 mg (52%) of 
EtS0 2 -D-Phe-Pro-p-NHCH 2 -C 6 H 4 C(=NH)NH 2 HCI. 

15 1 H NMR 

FD-MS, m/e 486 (M + ) 



Analysis for C 24 H 31 N 5 0 4 S-HCM .5H 2 Q: 


Calc: 
Found: 


C, 52.50; 
C, 52.56; 


H, 6.42; 
H.6.19; 


N, 12.75; 
N, 12.59. 



Another 5 g of product were prepared by the methods described in Example 15 and purified by RPHPLC (meth- 
od 3; 98/2 (A/B), 60 minutes, ramp to 60/40 (A/B) 300 minutes). 

25 

Example 24 

EtS0 2 N-H 

35 O NH 

EtS0 2 -D-Phe-Pro-m-NHCH2-C 5 H 4 C (=NH)NH 2 -HCl 

A) Preparation of EtS0 2 -D-Phe-Pro-m-NHCH 2 -C 6 H 4 C(=NOH)NH 2 . 

40 

By methods substantially equivalent to those described in Example 23, EtS0 2 -D-Phe-Pro-m-NHCH 2 - 
C 6 H 4 C(=NOH)NH 2 was prepared using m-BrCH 2 -C 6 H 4 CN in place of p-BrCH 2 -C 6 H 4 CN, 140 mg (13%) of this 
crystaline intermediate was held back and the rest of the material was taken on to step B. 
1 H NMR 
45 FD-MS, m/e 502 (M + ) 





Analysis for C 24 


H31N5O5S: 








Calc: 


C, 57.47; 


H, 6.23; 


N, 13.96; 


50 












Found: 


C, 57.28; 


H.6.21; 


N, 13.66. 



B) Preparation of EtS0 2 -D-Phe-Pro-m-NHCH 2 -C 6 H 4 C(=NH)NH 2 HCI. 

By a method substantially equivalent to that described in Examples 23-C and 23-D, 0.27 g (28%, 2 steps) 
of EtS0 2 -D-Phe-Pro-m-NHCH 2 -C 6 H 4 C(=NH)NH 2 HCI were prepared. 
1H NMR 
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FD-MS, m/e486 (M + ) 



Analysis for C24H31N5O4S I.IHCI.2H2O: 


Calc: 
Found: 


C, 51.32; 
C, 51.33; 


H, 6.48; 
H, 6.09; 


N, 12.47; 
N, 12.20; 


CI, 6.94; 
CI, 6.66. 



Example 25 




D-l-Piq-Pro-m-iraCH2-C 6 H 4 C (=NH)NH 2 -HC1 

By a method substantially equivalent to that described in Example 23, 0.86 g of D-1-Piq-Pro-m-NHCH 2 - 
C 6 H 4 C(=NH)NH 2 HCI were prepared from Cbz-D-1-Piq-Pro-OH and m-NH 2 CH 2 -C 6 H 4 CN HCI. 
1 H NMR 

FD-MS, m/e 412 (M + ) 



Analysis for C23H33N5O2-2.5HCI-O.5H2O: 


Calc: 
Found: 


C, 53.99; 
C, 54.19; 


H, 7.19; 
H, 7.02; 


N, 13.69; 
N, 13.81. 



Example 26 




• HCI 



NH 



EtS0 2 -D-Phe-Pro-p-NHCH 2 CH 2 -C 6 H 4 C (=NH) NH 2 - HCI 

A) Preparation of methyl p-cyano-trans-cinnamate. 

To a stirring suspension of NaH (6.1 g of 60% oil suspension, 153 mmol) and p-cyanobenzaldehyde (20 
g, 153 mmol) in tetrahydrofuran (250 ml_) at 0 °C was added via addition funnel a solution of trimethyl phos- 
phonoacetate (28 g, 1 53 mmol) in tetrahydrofuran (50 ml_). After stirring for 48 hours, the solvent was removed 
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in vacuo and the crude residue was dissolved in ethyl acetate (500 ml_). The ethyl acetate solution was washed 
once with water, three times with saturated aqueous NaHS0 3 and once with brine. The organic phase was 
then dried with MgS0 4 , filtered and concentrated in vacuo to give 28 g (98%) of a white solid. 
IR 

5 1 H NMR 

FD-MS, m/e187 (M + ) 

B) Preparation of methyl p-cyano-dihydrocinnamate. 

10 To a solution of methyl p-cyano-trans-cinnamate (13.6 g, 73 mmol) in toluene (485 ml_) was added 5% 

Pd/BaS0 4 (2.7 g). 

After 9 hours under hydrogen gas at 4 bar (60 psi), the solution was filtered, concentrated in vacuo and 
chromatographed over silica gel, eluting with a step gradient of hexanes through 30% ethyl acetate/hexanes. 
The product containing fractions were combined and concentrated to give 10.6 g (77%) of colorless oil. 
15 IR 

1H NMR 

FD-MS, m/e 189 (M + ) 

C) Preparation of p-cyano-dihydrocinnamic acid. 

20 

By methods substantially equivalent to those described in Example 1-D, using 1.1 equivalent of LiOH H 2 0, 
5.1 g (58%) of p-cyano-dihydrocinnamic acid were prepared from methyl p-cyano-dihydrocinnamate. 
IR 

1H NMR 
25 FD-MS, m/e 175 (M + ) 

D) Preparation of Boc-p-NHCH 2 CH 2 -C 6 H 4 CN. 

To a solution of p-cyano-dihydrocinnamic acid (6.7 g, 38.2 mmol) and triethylamine (5.9 ml_, 42 mmol) in 
30 t-butanol (150 ml_) was added diphenylphosphoryl azide (11.6 g, 42 mmol) and the solution was brought to 
reflux. After stirring overnight, the solution was cooled and the solvent was removed in vacuo . The residue 
was dissolved in ethyl acetate and washed three times with 1 N citric acid, once with brine, twice with saturated 
aqueous NaHC0 3 , and then dried (MgS0 4 ), filtered and concentrated jn vacuo . The residue was then chro- 
matographed over silica gel, eluting with 10% ethyl acetate/hexanes through 50% ethyl acetate/hexanes. The 
35 product containing fractions as judged by TLC were combined and concentrated to give 5.4 g (57%) of white 
solid. 
IR 

1 H NMR 

FD-MS, m/e 246 (M + ) 



Analysis for C 14 H 18 N 2 0 2 : 


Calc: 
Found: 


C, 68.27; 
C, 68.39; 


H, 7.37; 
H, 7.50; 


N, 11.37; 
N, 11.40. 



E) Preparation of p-NH 2 CH 2 CH 2 -C 6 H 4 CN HCI. 

By methods substantially equivalent to those described in Example 23-A, 3.6 g (98%) of p-NH 2 CH 2 CH 2 - 
C 6 H 4 CN HCI were prepared. 
1 H NMR 

FD-MS, m/e 147 (MH + ) 
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Analysis for C 9 H 11 N 2 CI: 


Calc: 


C, 59.18; 


H, 6.07; 


N, 15.34; 


CI, 19.41; 


Found: 


C, 58.90; 


H, 6.16; 


N, 15.20; 


CI, 19.30. 



F) Preparation of EtS0 2 -D-Phe-Pro-p-NHCH 2 CH 2 -C 6 H 4 CN. 

10 By methods substantially equivalent to those described in Example 1-G, 1.5 g of EtS0 2 -D-Phe-Pro-p- 

NHCH 2 CH 2 -C 6 H 4 CN were prepared from EtS0 2 -D-Phe-Pro-OH and p-NH 2 CH 2 CH 2 -C 6 H 4 CN.HCI. 
IR 

1H NMR 

FD-MS, m/e 482 (M + ) 

15 

G) Preparation of EtS0 2 -D-Phe-Pro-p-NHCH 2 CH 2 -C 6 H 4 C(=NOH)NH 2 HCI. 



To a stirring solution of EtS0 2 -D-Phe-Pro-p-NHCH 2 CH 2 -C 6 H 4 CN (1 g, 2.07 mmol) and N,N-diisopropyle- 
thylamine (0.45 ml_, 2.59 mmol) was added hydroxylamine hydrochloride (180 mg, 2.59 mmol) and the solution 

20 was brought to reflux. After 18 hours, the solution was cooled, the solvent was removed in vacuo and the re- 
sidue was dissolved in acetic acid (15 ml_) and purified by RPHPLC (Method 2, 90/10 (A/B); ramp to 60/40 
(A/B) over 200 minutes). The fractions containing pure EtS0 2 -D-Phe-Pro-p-NHCH 2 CH 2 - 
C 6 H 4 C(=NOH)NH 2 HCI as determined by analytical RPHPLC were combined and pH adjusted as described 
above and lyophilized to give 0.35 g (31%) of EtS0 2 -D-Phe-Pro-p-NHCH 2 CH 2 -C 6 H 4 C(=NOH)NH 2 -HCI. 

25 1 H NMR 

FD-MS, m/e 516 (M + ) 



Analysis for C 25 H33N50 5 S HCI H 2 0: 


Calc: 
Found: 


C, 52.67; 
C, 52.40; 


H, 6.36; 
1-1,6.10; 


N, 12.28; 
N, 12.25; 


CI, 6.22; 
CI, 6.51. 



H) Preparation of EtS0 2 -D-Phe-Pro-p-NHCH 2 CH 2 -C 6 H 4 C(=NH)NH 2 .HCI. 

By a method substantially equivalent to that described in Example 23-D, 0.098 g (50%) of EtS0 2 -D-Phe- 
Pro-p-NHCH 2 CH 2 -C 6 H 4 C(=NH)NH 2 HCI were prepared from EtS0 2 -D-Phe-Pro-p-NHCH 2 CH 2 - 
C 6 H 4 C(=NOH)NH 2 HCI. 
1 H NMR 

FD-MS, m/e 500 (M + ) 



Analysis for C 25 H33N 5 0 4 S-2.6HCI H 2 0: 


Calc: 
Found: 


C, 49.03; 
C, 48.87; 


1-1,6.19; 
H, 5.79; 


N, 11.44; 
N, 11.15. 
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Example 27 



5 



10 




EtS02-D-Phe-Pro-m-NHCH 2 CH2-C 6 H 4 C ( =NH) NH 2 • HCl 



A) Preparation of EtS0 2 -D-Phe-Pro-m-NHCH 2 CH 2 -C 6 H 4 C (=NOH)NH 2 . 

By a method substantially equivalent to that described in Examples 26-A through 26-E and 24-A, 0.15 g 
20 of EtS0 2 -D-Phe-Pro-m-NHCH2CH2-C 6 H 4 C(=NOH)NH2 were prepared from m-cyanobenzaldehyde. 
1 H NMR 

FD-MS, m/e 516 (M + ) 



Analysis for Q25H33N5O5S: 


Calc: 
Found: 


C, 58.23; 
C, 57.99; 


H, 6.45; 
H, 6.57; 


N, 13.50; 
N, 13.28. 



B) Preparation of EtS0 2 -D-Phe-Pro-m-NHCH 2 CH2-C 6 H 4 C(=NH)NH 2 HCI. 

By a method substantially equivalent to that described in Example 24-B, 0.21 g (20%) of EtS0 2 -D-Phe- 
Pro-m-NHCH 2 CH 2 -C 6 H 4 C(=NH)NH 2 HCI were prepared from EtS0 2 -D-Phe-Pro-m-NHCH 2 CH 2 - 
C 6 H 4 C(=NOH)NH 2 . 
1 H NMR 

FD-MS, m/e 500 (M + ) 



Analysis for C 25 H33N 5 0 4 S.2.1 HCI 0.7H 2 O 


Calc: 
Found: 


C, 51.00; 
C, 50.79; 


H, 6.25; 
H, 5.86; 


N, 11.89; 
N, 11.54. 
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Example 28 




♦ 2 HCI 



NH 

D-l-Piq-Pro-p-NHCH 2 CH2-C6H 4 C ( =NH) NH 2 • 2HC1 

By a method substantially equivalent to that described in Example 23, 0.85 g of 1-Piq-Pro-p-NHCH 2 CB 
C 6 H 4 C(=NH)NH 2 -2HCI were prepared from Cbz-D-1-Piq-Pro-OH and p-NHaCHzCHa-Ce^CN-HCI. 
1 H NMR 

FD-MS, m/e426 (M + ) 



Analysis for C 24 H 3 5N 5 02-2HCI-2H 2 0: 


Calc: 
Found: 


C, 53.93; 
C, 53.94; 


H, 7.73; 
H, 7.60; 


N, 13.10; 
N, 13.06. 



Example 29 




• 2 HCI 



D-l-Pig-Pro-m-NHCH2CH2-C 5 H 4 C ( =NH ) NH 2 - 2HC1 

By a method substantially equivalent to that described in Example 23, 0.8 g of 1-Piq-Pro-m-NHCH 2 CH : 
C 6 H 4 C(=NH)NH 2 -2HCI were prepared from Cbz-D-1-Piq-Pro-OH and m-NH 2 CH 2 CH 2 -C 6 H 4 CN HCI. 
1H NMR 

FD-MS, m/e 426 (M + ) 



Analysis for C 24 H35N50 2 -2HCI-2H 2 0: 


Calc: 
Found: 


C, 53.93; 
C, 53.62; 


H, 7.73; 
H, 7.57; 


N, 13.10; 
N, 13.18. 
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Example 30 



10 



EtS0 2 N-H 




O 




HCI 



15 



EtS02-D-Phe-Pro-p-NHCH 2 CK2CH2-C6H 4 C (=NH)NH 2 -HCI 



A) Preparation of p-HOCH2CH 2 CH2-C 6 H 4 CN. 

To a stirring solution of methyl p-cyano-dihydrocinnamate (10 g, 53mmol) in tetrahydrofuran (150 mL) was 
20 added LiBH 4 (1.15 g, 53 mmol) and the solution was heated to reflux. After 2 hours, the solution was cooled, 
and sodium phosphate buffer (pH 7) was added dropwise. After gas evolution was complete, ethyl acetate and 
water were added and the layers were separated. The aqueous phase was extracted once with ethyl acetate 
and the combined ethyl acetate phases were washed with brine, then dried with MgS0 4 , filtered and concen- 
trated to give 8.1 g (95%) of a thick colorless oil. 

25 |R 

1H NMR 

FD-MS, m/e161 (M + ) 



30 



35 



40 



45 



B) Preparation of p-BrCH2CH 2 CH2-C 6 H 4 CN. 

To a stirring solution of p-HOCH 2 CH 2 CH 2 -C 6 H 4 CN (8.1 g, 50 mmol) in tetrahydrofuran (100 mL) was added 
triphenylphosphine (14.4 g, 55 mmol) followed by carbon tetrabromide (18.2 g, 55 mmol). After stirring for 18 
hours, the solvent was removed in vacuo and the residue was chromatographed over silica gel eluting with a 
step gradient of hexanes through 20% ethyl acetate/hexanes. The product containing fractions as judged by 
TLC were combined and concentrated to give 7.3 g (65%) of a thick colorless oil. 
IR 

1H NMR 

FD-MS, m/e 223 (M + ) 



Analysis for C 10 H 10 BrN: 


Calc: 
Found: 


C, 53.60; 
C, 53.90; 


H,4.50; 
1-1,4.67; 


N, 6.25; 
N, 6.24. 



C) Preparation of p-Boc2NCH 2 CH 2 CH2-C 6 H 4 CN. 



50 



55 



To a stirring suspension of NaH (1 .4 g of 60% oil dispersion, 34 mmol) in DMF (1 00 mL) was added dropwise 
a solution of di-t-butyl iminodicarboxylate (7.4 g, 34 mmol) in DMF (20 mL) via an addition funnel. After gas 
evolution was complete, a solution of p-BrCH 2 CH 2 CH 2 -C 6 H 4 CN (7 g, 31 mmol) in DMF was added via an ad- 
dition funnel and the solution was heated to 70 °C. After stirring for 12 hours, the solution was cooled and the 
solvent was removed in vacuo . The residue was dissolved in diethyl ether and washed three times with water. 
The organic phase was dried with MgS0 4 , filtered and concentrated and the residue was chromatographed 
over silica gel, eluting with hexanes through 20% ethyl acetate/hexanes. The product containing fractions were 
combined and concentrated to give 9.38 g (84%) of white solid. 
IR 

1 H NMR 
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FD-MS, m/e 361 (M + ) 



Analysis for C20H28N2O4: 


Calc: 
Found: 


C, 66.64; 
C, 66.40; 


H, 7.83; 
H, 7.81; 


N, 7.77; 
N, 7.57. 



D) Preparation of p-NHzC^CHzCHs-CghUCNHCI. 

By methods substantially equivalent to those described in Example 23-A, 4.3 g (84%) of p- 
NH 2 CH 2 CH2CH2-C 6 H 4 CN HCI were prepared. 
IR 

1H NMR 
15 FD-MS, m/e 160 (M + ) 

E) Preparation of EtS0 2 -D-Phe-Pro-p-NHCH2CH2CH2-C 6 H4C(=NOH)NH 2 HCI. 

By methods substantially equivalent to those described in Examples 1-G and 26-G, 0.32 g of EtS0 2 -D- 
20 Phe-Pro-p-NHCH 2 CH 2 CH 2 -C 6 H 4 C(=NOH)NH 2 HCI were prepared from EtS0 2 -D-Phe-Pro-OH and p- 
NHCH 2 CH 2 CH 2 -C 6 H 4 CN.HCI. 
1 H NMR 

FD-MS, m/e 530 (M + ) 



Analysis for C26H35N5O5SI .2HCI H 2 0: 


Calc: 
Found: 


C, 52.88; 
C, 52.71; 


H, 6.51; 
H, 6.26; 


N, 11.84; 
N, 11.76. 



F) Preparation of EtS0 2 -D-Phe-Pro-p-NHCH 2 CH 2 CH 2 -C 6 H 4 C(=NH)NH 2 -HCI. 

By a method substantially equivalent to that described in Example 23-D, 0.13 g (67%) of EtS0 2 -D-Phe- 
35 Pro-p-NHCH 2 CH2CH2-C 6 H 4 C(=NH)NH 2 HCI were prepared from EtS0 2 -D-Phe-Pro-p-NHCH2CH 2 CH2-C 6 H 4 C 
(=NOH)NH 2 HCI. 
1 H NMR 

FD-MS, m/e 514 (M + ) 



40 


Analysis for C 26 


H 35 N 5 0 4 S.1.5HC|.2H 2 0: 






Calc: 


C, 51.67; 


H, 6.75; 


N, 11.59; 




Found: 


C, 51.36; 


H, 6.46; 


N, 11.28. 
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Example 31 



EtS0 2 N-H 



10 



\J O'T 




HCI 



15 



20 



25 



EtS0 2 -D-Phe-Pro-m-NHCH2CH2CH2-C6H 4 C (=NH)NH 2 -HC1 

A) Preparation of EtS0 2 -D-Phe-Pro-m-NHCH 2 CH 2 CH2-C 6 H 4 C(=NOH)NH 2 .HCI. 

By methods substantially equivalent to those described in Examples 1-G and 26-G, 0.32 g of EtS0 2 -D- 
Phe-Pro-m-NHCH 2 CH 2 CH 2 -C 6 H 4 C(=NOH)NH 2 HCI were prepared from m-cyanodihydrocinnamic acid. 
1 H NMR 

FD-MS, m/e 530 (M + ) 



Analysis for C2eH35N5O5S.HCM.IH2O: 


Calc: 
Found: 


C, 53.30; 
C, 52.97; 


H, 6.57; 
H, 6.19; 


N, 11.95; 
N f 11.96; 


CI, 6.05, 
CI, 6.13. 



30 



35 



40 



B) Preparation of EtS0 2 -D-Phe-Pro-m-NHCH 2 CH2CH2-C 6 H4C(=NH)NH 2 HCI. 

By a method substantially equivalent to that described in Example 23-D, 0.12 g (62%) of EtS0 2 -D-Phe- 
Pro-m-NHCH 2 CH 2 CH 2 -C 6 H 4 C(=NH)NH 2 HCI were prepared from EtS0 2 -D-Phe-Pro-m-NHCH 2 CH 2 CH 2 - 
C 6 H 4 C(=NOH)NH 2 HCI. 
1 H NMR 

FD-MS, m/e 514 (M + ) 



Analysis for C 26 H 35 N 5 0 4 S-1 .5HCI H 2 0: 


Calc: 
Found: 


C, 53.26; 
C, 53.19; 


H, 6.62; 
H, 6.25; 


N, 11.94; 
N, 12.00. 
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Example 32 



5 




1 - Pig-Pro -P-NHCH2CH2CH2 -C6H4C ( =NK ) NH2 • 2HC1 



By a method substantially equivalent to that described in Example 23, 0.66 g (48%) of 1-Piq-Pro-p- 
NHCH 2 CH 2 CH2-C 6 H 4 C(=NH)NH2-HCI were prepared from 1-Piq-Pro-OH and p-NH 2 CH 2 CH 2 CH2-C 6 H 4 CN.HCI. 
1H NMR 
20 FD-MS, m/e 440 (M + ) 



Analysis for C 25 H37N 5 0 2 -2.1HCI-H 2 0: 


Calc: 
Found: 


C, 56.21; 
C, 56.36; 


H, 7.75; 
H, 7.44; 


N, 13.11; 
N, 12.79. 



Example 33 



35 




• 2 HCI 



O NH 



l-Pig-Pro-m-NHCH 2 CH 2 CH2-C6H4C ( =NH ) NH 2 • 2HC1 



By a method substantially equivalent to that described in Example 23, 0.64 (46%) of 1-Piq-Pro-m- 
NHCH 2 CH 2 CH 2 -C 6 H 4 C(=NH)NH 2 .HCI were prepared from 1-Piq-Pro-OH and m-NH 2 CH 2 CH 2 CH 2 -C 6 H 4 CN HCI. 
1H NMR 

FD-MS, m/e 440 (M + ) 



Analysis for C 25 H37N 5 0 2 -2HCI H 2 0: 


Calc: 
Found: 


C, 56.60; 
C, 56.92; 


H, 7.79; 
H, 7.55; 


N, 13.20; 
N, 13.26. 
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Example 34 



5 



10 




♦ HCi 



EtS02-D-Phe-Pro-p-NHCH2C6H4NHC (NH) NH2 • HCl 

15 

A) Preparation of Boc-p-NHCH 2 C 6 H 4 N0 2 . 

To a stirring solution of 4-nitrobenzylamine hydrochloride (15 g, 79 mmol) and N,N-diisopropylethylamine 
(14 ml_, 79 mmol) in dichloromethane (200 ml_) was added di-t-butyl dicarbonate (17 g, 79 mmol). After 48 h, 
20 the solvent was removed in vacuo and the residue was dissolved in ethyl acetate (500 ml_) and washed twice 
with 1 M citric acid, once with water, and once with saturated aqueous NaHC0 3 . The organic phase was dried 
with MgS0 4 , filtered and concentrated in vacuo to give an off white solid which was recrystallized from chloro- 
form/hexanes. Three crops were combined, washed with hexanes and dried in vacuo to give 11.5 g (58%) of 
a white solid. 

25 |R 

1H NMR 

FD-MS, m/e 252 (M + ) 



Analysis for C 12 H 16 N20 4 : 


Calc: 
Found: 


C, 57.13; 
C, 57.27; 


H, 6.39; 
H, 6.60; 


N, 11.10; 
N, 11.13. 



B) Preparation of p-BocNHCH 2 C 6 H 4 NH 2 . 

To a stirring solution of p-BocNHCH 2 C 6 H 4 N0 2 (7.5 g, 29.7 mmol) and NiCI 2 -6H 2 0 (17.7 g, 74.3 mmol) in 
methanol (150 ml_) at 0 °C was added NaBH 4 (5.6 g, 149 mmol) in small portions over 30 min. After complete 
addition of NaBH 4 and 15 min, the solvent was evaporated in vacuo and the residue was dissolved in cone, 
ammonium hydroxide and extracted twice with dichloromethane. The combined organic extracts were washed 
with brine, dried with MgS0 4 , filtered and concentrated in vacuo to give 6.4 g (97%) of a white solid. 
IR 

1 H NMR 

FD-MS, m/e 222 (M + ) 



Analysis for C 12 H 18 N 2 0 2 : 


Calc: 
Found: 


C, 64.84; 
C, 65.10; 


H,8.16; 
H, 8.42; 


N, 12.60; 
N, 12.76. 



C) Preparation of N,N'-di-Cbz-S-methylisothiourea. 

55 To a stirring suspension of bis-S-methylisothiourea sulfate (20 g, 144 mmol) in dichloromethane (200 ml_), 

was added 5 N sodium hydroxide (16 ml_). The solution was cooled to 0 °C and benzyl chloroformate (41 ml_, 
288 mmol) was added dropwise. At the same time, 2 N sodium hydroxide was added at a rate which kept the 
pH of the solution at approximately 11. The cold bath was then removed and after warming to room tempera- 
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ture, the phases were separated and the aqueous phase was extracted with dichloromethane (250 ml_). The 
combined organic phases were then washed twice with 0.1 N HCI (250 ml_) and once with brine (250 ml_). The 
organic phase was then dried with MgS0 4 , filtered and concentrated in vacuo to give 41 g (79%) of a thick, 
colorless syrup. 
5 1 H NMR 

D) Preparation of p-BocNHCH 2 C 6 H 4 NHC(NCbz)NHCbz. 

To a stirring solution of p-BocNHCH 2 C 6 H 4 NH2 (5 g, 22.5 mmol) in tetrahydrof uran (50 ml_) was added N,N'- 
10 di-Cbz-S-methylisothiourea (8.9 g, 24.7 mmol). After 48 h, the solvent was removed in vacuo and the residue 
was dissolved in chloroform. Silica gel was added and the solvent was removed in vacuo to give an off white 
powder which was then dry loaded onto a silica gel column. The column was then eluted with a step gradient 
of 5% ethyl acetate/hexanes through 30% ethyl acetate/hexanes. The product containing fractions (determined 
by TLC) were combined and concentrated in vacuo to give 7.6 g (63%) of a white solid. 
15 IR 

1H NMR 

FD-MS, m/e 532 (M + ) 



Analysis for C29H 3 2N 4 0 6 : 


Calc: 
Found: 


C, 65.40; 
C, 65.66; 


H, 6.06; 
H, 6.35; 


N, 10.52; 
N, 10.59. 



E) Preparation of HCI-p-NH 2 CH 2 C 6 H 4 NHC(NCbz)NHCbz 

By a method substantially equivalent to that described in example 23-A, 4.7 g (89%) of HCI p- 
NH 2 CH 2 C 6 H 4 NHC-(NCbz)NHCbz, a white solid, was prepared from p-BocNHCH 2 C 6 H 4 NHC(NCbz)NHCbz. 
IR 

1 H NMR 

FD-MS, m/e 433 (MhT) 

F) Preparation of EtS0 2 -D-Phe-Pro-p-NHCH 2 C 6 H 4 NHC(NH)NH 2 .HCI. 

By methods substantially equivalent to those described in example 1-G and example 18-F, 1 .1 g of EtS0 2 - 
D-Phe-Prop-NHCH 2 C 6 H 4 NHC(NH)NH 2 -HCI was prepared from EtS0 2 -D-Phe-ProOH and HCI-p- 
NH 2 CH 2 C 6 H 4 NHC(NCbz)NHCbz. 
IR 

1H NMR 

FD-MS, m/e 501 (M + ) 



Analysis for C 24 H 32 N 6 0 4 S-HCI-H 2 0: 


Calc: 
Found: 


C, 51.73; 
C, 52.32; 


H, 6.36; 
H, 5.99; 


N, 15.14; 
N, 14.79. 



50 



55 
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Example 35 




EtS02-D-Phe-Pro-p-NHCH 2 CH2C6H4NHC ( NH ) NH2 • HCl 



By methods substantially equivalent to those described in example 34, 1.8 g of EtS0 2 -D-Phe-Prop- 
NHCH2CH 2 C 6 H4CNH(NH)NH 2 HCI was prepared from 4-nitrophenethylamineHCI. 
IR 

1 H NMR 

FD-MS, m/e 515 (MH + ) 

HRMS (FAB), m/e calcd. for C^HagNeCUS: 515.2441 
Found: 515.2483 

Example 36 




0 



EtS02-D-Phe-Pro-m-MHCH 2 C6H4NHC (NH)NH2 • HCl 

By methods substantially equivalent to those described in examples 30-C and 34-B through 34-F, 1.8 g of 
EtS0 2 -D-Phe-Pro-m-NHCH2C 6 H4NHC(NH)NH 2 'HCI was prepared from 3-nitrobenzyl bromide. 
IR 

1 H NMR 

FD-MS, m/e 501 (MhT) 

HRMS (FAB), m/e calcd. for (^h^NgCUS: 501.2284 
Found: 501.2280 
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EtS02-D-Phe-Pro-m-NHCH 2 CH 2 C6H4NHC ( NH ) NH2 • HC 1 

By methods substantially equivalent to those described in examples 26-D, 26-B (using 5% Pd/C in place 
of Pd/BaS0 4 and ethyl acetate in place of toluene), and 34-D through 34-F, 0.85 g of EtS0 2 -D-Phe-Pro-m- 
NHCH2CH 2 C 6 H 4 NHC(NH)NH2-HCI was prepared from 3-nitrocinnamic acid. 
1 H NMR 

FD-MS, m/e 515 (MhT) 



Analysis for Czs^NqC^S^HCIO.SHsO: 


Calc: 
Found: 


C, 49.73; 
C, 49.45; 


H,6.21; 
H, 5.82; 


N, 13.92; 
N, 13.55. 



Example 38 




D-l-Piq-Pro-p-NHCH2C6H4NHC (NH)NH2 • 2HC1 

By methods substantially equivalent to those described in example 34, 0.94 g of D-1-Piq-Pro-p- 
NHCH 2 C 6 H 4 NHC(NH)NH 2 -2HCI was prepared. The final product was purified by RPHPLC (method 2, 98/2 
(A/B), ramp to 70/30 (A/B), 180 min. 
1 H NMR 

FD-MS, m/e 427 (MhT) 



Analysis for C 23 H 3 4N 6 0 2 -2HCI: 


Calc: 
Found: 


C, 55.31; 
C, 55.05; 


H, 7.26; 
H, 7.23; 


N, 16.82; 
N, 16.55; 


CI, 14.20; 
CI, 14.24. 
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Example 39 



5 



10 




D-l-Piq-Pro-p-NHCH 2 CH2C6H4NHC (NH ) NH2 • 2HC1 

By methods substantially equivalent to those described in example 35, 1.03 g of D-1-Piq-Pro-p- 
NHCH 2 CH 2 C 6 H 4 NHC(NH)NH 2 .2HCI was prepared. The final product was purified by RPHPLC (method 2, 98/2 
(A/B), ramp to 70/30 (A/B), 180 min. 
20 1 H NMR 

FD-MS, m/e 441 (M + ) 





Analysis for C 24 


H 36 N 6 0 2 2HCM.5H 2 0: 






25 


Calc: 


C, 53.33; 


H, 7.65; 


N, 15.55; 


CI, 13.12; 




Found: 


C, 53.41; 


H, 7.45; 


N, 15.37; 


CI, 13.48. 



Example 40 




• 2HCI 



D-l-Piq-Pro-m-NHCH2C6H4NHC (NH)NH2-2HC1 

By methods substantially equivalent to those described in example 36, 1.04 g of D-1-Piq-Pro-m- 
NHCH 2 C 6 H 4 NHC(NH)NH 2 .2HCI was prepared. The final product was purified by RPHPLC (method 2, 98/2 
(A/B), ramp to 70/30 (A/B), 180 min. 
1 H NMR 

FD-MS, m/e 427 (M + ) 





Analysis for C 23 H34N 6 0 2 -2HCI H 2 0: 




Calc: 


C, 53.38; 


H, 7.40; 


N, 16.24; 


CI, 13.70; 


55 


Found: 


C, 53.25; 


H, 7.50; 


N, 16.23; 


CI, 13.88. 
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Example 41 



5 



10 




D-l-Piq-Pro-m-NHCH2CH2C6H4NHC (NH)NH2 • 2HC1 

15 

By methods substantially equivalent to those described in example 37, 0.96 g D-1-Piq-Pro-m- 
NHCH 2 CH2C 6 H 4 NHC(NH)NH2-2HCI of was prepared. The final product was purified by RPHPLC (method 2, 
98/2 (A/B), ramp to 70/30 (A/B), 180 min. 
20 1 H NMR 

FD-MS, m/e 441 (M + ) 





Analysis for C 24 


H 36 N 6 0 2 2.1HCM.5H 2 0: 






25 


Calc: 


C, 52.97; 


H, 7.61; 


N, 15.44; 


CI, 13.68; 




Found: 


C, 52.80; 


H, 7.57; 


N, 15.46; 


CI, 13.35. 



Example 42 



35 




D-l-Piq-cis-Ohi-p-NHCH2C6H4C (NH) NH2 • 2HC1 



A) Preparation of Cbz-DL-1-Piq-cis-Ohi-OEt. 

By a method substantially equivalent to that described in Example 1-A, 16.6 g (100%) of Cbz-DL-1-Piq- 
cis-Ohi-OEt was prepared from Cbz-DL-1-Piq-OH and cis-Ohi-OEMHCI. 
1 H NMR 

FD-MS, m/e 496 (M + ) 



55 



Analysis for C29H40N2O5: 


Calc: 
Found: 


C, 70.13; 
C, 69.96; 


H,8.12; 
H, 8.23; 


N, 5.64; 
N, 5.73. 
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B) Preparation of Cbz-D-1-Piq-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NHCbz. 

By methods substantially equivalent to those described in Example 1-D and 18-E, Cbz-D-1-Piq-cis-Ohi- 
p-NHCH 2 C 6 H 4 C(NH)NHCbz and Cbz-L-1-Piq-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NHCbz were prepared from Cbz- 

5 D,L-1-Piq-Pro-OH and p-H 2 NCH 2 C 6 H 4 C(NH)NHCbz-2HCI. These diastereomers were separated by silica gel 
chromatography using an ethyl acetate/hexanes gradient. The fractions containing the leading diastereomer 
(R f = 0.31, ethyl acetate) were pooled and concentrated to give 1.3 g of Cbz-L-1-Piq-cis-Ohi-p- 
NHCH 2 C 6 H 4 C(NH)NHCbz. The fractions containing the trailing diastereomer (R f = 0.19, ethyl acetate) were 
pooled and concentrated to give 1 .5 g of Cbz-D-1-Piq-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NHCbz as a white foam. 

10 1 H NMR 

FD-MS, m/e 735 (MhT) 



Analysis for C 4 3H 51 N 5 06: 


Calc: 
Found: 


C, 70.37; 
C, 70.20; 


H, 7.00; 
H, 7.22; 


N, 9.54; 
N, 9.36. 



C) Preparation of D-1-Piq-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NH 2 2HCI. 

By a method substantially equivalent to that described in Example 18-F, 0.61 g (63%) of D-1-Piq-cis-Ohi- 
p-NHCH 2 C 6 H 4 C(NH)NH 2 2HCI were prepared from Cbz-D-1-Piq-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NHCbz. The 
HPLC gradient used in this case was a ramp of 98/2 A/B to 70/30 A/B over 120 minutes. 
1H NMR 

FAB-MS, m/e 466.4 (MhT) 





Analysis for C 27 


H 39 N 5 0 2 -2HC|.1H 2 0: 






Calc: 


C, 58.27; 


H, 7.79; 


N, 12.58; 


30 












Found: 


C, 58.66; 


H, 7.56; 


N, 12.78. 



Example 43 



40 




D-3-Piq-cis-Ohi-p-NHCH2C6H4C (NH)NH2 -2HC1 
A) Preparation of D-3-Piq-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NH 2 -2HCI 

50 

By methods substantially equivalent to those described in Example 1-A, 1-D, 18-E, and 18-F, 1.3 g of 3- 
Piq-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NH 2 -2HCI was prepared. The HPLC gradient used in this case was a ramp of 
98/2 A/B to 70/30 A/B over 120 minutes. 
1 H NMR 
55 FAB-MS, m/e 466.4 (MhT) 
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Analysis for C27H39N5O22HCI: 


Calc: 
Found: 


C, 60.22; 
C, 59.95; 


H, 7.67; 
H, 7.73; 


N, 13.00; 
N, 12.89. 



Example 44 



10 



15 




EtS02-Phg-cis-Ohi-p-NHCH2C6H4C ( NH) NH2 - HCl 

((S-cis)-N-[[4-(aminoiminomethyl)phe 
hydrochloride) 

25 

A) Preparation of Boc-D-Phg-cis-Ohi-OEt 

By a method substantially equivalent to that described in Example 1-A, 14.9 g (58%) of Boc-D-Phg-cis- 
Ohi-OEt was prepared from Boc-D-Phg-OH and (S)-cis-octahydroindole-2-carboxylic acid ethyl ester-HCI. 
30 1 H NMR 

FD-MS, m/e 430 (M + ) 



Analysis for C24H34N2O5: 


Calc: 
Found: 


C, 66.95; 
C, 66.69; 


H, 7.96; 
H, 8.02; 


N, 6.51; 
N, 6.40. 



B) Preparation of D-Phg-cis-Ohi-OEtHCI. 

40 

To a cold (0°C), stirring solution of Boc-D-Phg-cis-Ohi-OEt in ethyl acetate was bubbled HCl gas for 10 
min. After stirring for 2 h while warming to room temperature, the solvent was removed in vacuo. The resulting 
solid was suspended in diethyl ether and subsequently isolated by filtration to give 10.7 g (97%) of D-Phg-cis- 
Ohi-OEtHCI. 
45 1 H NMR 

FD-MS, m/e 331 (M + ) 



Analysis for C 19 H27N20 3 CI: 


Calc: 
Found: 


C, 62.20; 
C, 62.42; 


H,7.41; 
H, 7.36; 


N, 7.64; 
N, 7.85. 



55 C) Preparation of EtS0 2 -D-Phg-cis-Ohi-OEt. 

To a solution of D-Phg-cis-Ohi-OEt-HCI (10 g, 27 mmol) and N,N-diisopropylethylamine (1 0.7 ml_, 61 mmol) 
in THF (200 ml_) at -78 °C, was added dropwise via an addition funnel a solution of ethanesulfonyl chloride 
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(3.9 g, 30 mmol) in THF (20 ml_). The cold bath was then left unattended and the solution warmed slowly to 
room temperature. After about 1 8 h, the solution was concentrated in vacuo. The residue was dissolved in ethyl 
acetate (200 ml_), washed twice each with 1 N citric acid (200 mL), saturated aqueous NaHC0 3 (200 ml_) and 
brine (200 mL). The organic phase was then dried with MgS0 4 , filtered, and concentrated in vacuo to give 11 .2 
5 g (97%) of a yellow foam. 
1 H NMR 

FD-MS, m/e 422 (M + ) 



Analysis for C21H30N2O5S: 


Calc: 
Found: 


C, 59.69; 
C, 59.94; 


H, 7.16; 
H, 7.08; 


N, 6.63; 
N, 6.78. 



15 D) Preparation of EtS0 2 -Phg-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH) NH 2 -HCI 

By methods substantially equivalent to those described in Examples 1-D, 18-E and 18-F, 0.62 g of EtS0 2 - 
Phg-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NH 2 -2HCI were obtained. The HPLC gradient used in this case was a ramp 
of 90/10 A/B to 60/40 A/B over 120 minutes. 
20 1 H NMR 

FAB-MS, m/e 526.3 (MH + ) 



Analysis for C 27 H35N 5 0 4 S-HCI: 


Calc: 
Found: 


C, 57.69; 
C, 57.47; 


H, 6.45; 
H, 6.48; 


N, 12.46; 
N, 12.20. 



30 Example 45 



35 




EtS02-Phe-cis-Ohi-p-NHCH2C6H4C (NH)NH2 -HCl 

45 ((S-cis)-N-[[4-(aminoiminomethyl)pheny^ 
hydrochloride) 

A) Preparation of EtS0 2 -Phe-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NH 2 -2HCI 

50 By methods substantially equivalent to those described in Example 44, 1.5 g EtS0 2 -Phe-cis-Ohi-p- 

NHCH 2 C 6 H 4 C(NH)NH 2 -HCI were prepared from Boc-D-Phe-OH. 
1 H NMR 

FAB-MS, m/e 540.3 (MH + ) 
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Analysis for C28H37N5O4SHCIH2O: 


Calc: 
Found: 


C, 56.51; 
C, 56.24; 


H, 6.94; 
H, 6.55; 


N, 11.77; 
N, 11.72. 



Example 46 



10 



15 




HOOCCH2-D-Phe-Pro-p-NHCH2C6H4C (NH)NH2 -HCl 

25 (N-(carboxymethyl)-D-phenylalanyL hydro- 

chloride) 

A) Preparation N-(t-BuOOCCH 2 )-N-BooD-Phe-Pro-OBn. 

30 To a solution of D-Phe-Pro-OBn-HCI (20 g, 51 mmol) in DMF (100 ml_) was added t-butyl bromoacetate 

(9.9 g, 56 mmol) in one portion and N,N-diisopropylethylamine (17.4 ml_, 101 mmol) dropwise over 30 min. 
This mixture was allowed to stir for 18 hrs at room temperature. Di-t-butyl dicarbonate (16.6 g, 76 mmol) and 
N,N-diisopropylethylamine (13.2 ml_, 76 mmol) were then added in one portion and the reaction was allowed 
to stir an additional 24 h. The solvent was removed in vacuo and the residue was partitioned between ethyl 

35 acetate (1 L) and 1 M aqueous citric acid (500 ml_). The layers were separated and the organic phase was 
washed once with 1 M aqueous citric acid, twice with saturated aqueous sodium bicarbonate, and once with 
brine (500 mLeach). The organic phase was dried (Na 2 S0 4 ), filtered, and concentrated in vacuo. The amber 
oil was purified by silica gel chromatography eluting with a ethyl acetate/hexanes gradient (hexanes to 30% 
ethyl acetate/hexanes). Fractions containing product were combined and concentrated to give 19.0 g (66%) 

40 as a colorless oil which slowly crystallized upon standing. 
1H NMR 

FD-MS, m/e 566 (M + ) 





Analysis for C 32 


H 42 N 2 0 7 : 






45 


Calc: 








C, 67.82; 


H, 7.47; 


N, 4.94; 




Found: 


C, 68.06; 


H, 7.33; 


N, 5.17. 



B) Preparation of N-(t-BuOOCCH 2 )-N-Boc-D-Phe-Pro-OH. 

To a solution of N-(t-BuOOCCH 2 )-N-Boc-D-Phe-Pro-OBn (1 8.5 g, 33 mmol) in ethyl acetate (250 ml_) was 
added 5% Pd/C catalyst (5 g). This solution was degassed in vacuo several times and placed under an atmos- 
phere of hydrogen for 2 h with stirring. The balloon was removed, diatomaceous earth was added and the slurry 
was filtered over a pad of diatomaceous earth. The filtrate was concentrated in vacuo to give 13.2 g (84%) of 
a white foam. 
1 H NMR 
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FD-MS, m/e476 (M + ) 



Analysis for C25H 36 N 2 07: 


Calc: 
Found: 


C, 63.01; 
C, 63.23; 


H, 7.61; 
H, 7.73; 


N, 5.88; 
N, 5.59. 



C) Preparation of N-(t-BuOOCCH2)-N-Boc-D-Phe-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz. 

By a method substantially equivalent to Example 18-E, 2.7 g (90%) of N-(t-BuOOCCH 2 )-N-Boc-D-Phe-Pro- 
p-NHCH 2 C 6 H 4 C(NH)NHCbz was prepared from N-(t-BuOOCCH 2 )-N-Boc-D-Phe-Pro-OH and p- 
H 2 NCH 2 C 6 H 4 C(NH)NHCbz2HCI. 
1H NMR 
15 FD-MS, m/e 743 (MH + ) 





Analysis for C 41 


H 5 iN 5 0 8 : 








Calc: 


C, 66.38; 


H, 6.93; 


N, 9.44; 


20 












Found: 


C, 66.08; 


H, 6.92; 


N, 9.16. 



D) Preparation of HOOCCH 2 -D-Phe-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI. 

25 

To a cooled (0 °C) solution of N-(t-BuOOCCH 2 )-N-Boc-D-Phe-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz (2.2 g, 3 
mmol) in dioxane (100 ml_) was bubbled HCI gas for 10 minutes. After stirring for 3 h while warming to room 
temperature, the dioxane was removed in vacuo. The residue was dissolved in a mixture of absolute ethanol 
(1 50 mL), water (75 ml_) and 1 N HCI (6 ml_). To this was added 5% Pd/C (1 g). After degassing using vacuum, 

30 this mixture was placed under a hydrogen atmosphere for 16 h while stirring at room temperature. Diatoma- 
ceous earth was added and the resulting slurry was filtered over a pad of diatomaceous earth. The filtrate 
was concentrated in vacuo to a residue and this was immediately purified by HPLC Method 2 (98/2 A/B to 70/30 
A/B ramp over 2 hrs). Fractions containing pure product were pooled and lyophilized to give 1.1 g (72%) of a 
white solid. 

35 1 H NMR 

FAB-MS, m/e 452.3 (MH + ) 



Analysis for C 24 H 29 N 5 0 4 -2HCI: 


Calc: 
Found: 


C, 54.97; 
C, 55.21; 


H, 5.96; 
H,6.11; 


N, 13.35; 
N, 13.39. 
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Example 47 



5 



10 




HOOCCH2-D-Phe-ca.S-Ohi-p-NHCH2C6H4C (NH ) NH2 -HCl 
A) Preparation t-BuOOCCH 2 -D-Phe-cis-Ohi-OEt. 

20 

To a solution of D-Phe-cis-Ohi-OEtHCI (30 g, 79 mmol) in acetonitrile (400 ml_) was added N,N-diisopro- 
pylethylamine (41 ml_, 236 mmol) and t-butyl bromoacetate (14 ml_, 87 mmol). This solution was warmed to 
50 °C and maintained there for 3 h. After cooling to room temperature, the solution was concentrated in vacuo. 
The residue was dissolved in ethyl acetate (300 mL) and this solution was washed twice with saturated aqueous 

25 ammonium chloride (200 mL), twice with saturated aqueous sodium bicarbonate (200 mL), and twice with brine 
(200 mL). The organic layer was dried (MgS0 4 ), filtered, and concentrated in vacuo to give an orange oil which 
was purified by silica gel chromatography eluting with a gradient of hexanes to 1 :1 hexanes/ethyl acetate. Frac- 
tions containing product (as judged by TLC) were combined and concentrated to give 33.2 g (92%) of a color- 
less oil. 

30 1 H NMR 

FD-MS, m/e 458 (M + ) 



Analysis for C26H38N2O5: 


Calc: 
Found: 


C, 68.10; 
C, 68.37; 


H, 8.35; 
H, 8.47; 


N, 6.11; 
N, 5.90. 



B) Preparation of N-(t-BuOOCCH 2 )-N-Boc-D-Phe-cis-Ohi-OH. 

To a solution of t-BuOOCCH 2 -D-Phe-cis-Ohi-OEt (30 g, 65 mmol) in THF (200 mL) was added N,N-diiso- 
propylethylamine (17 mL, 98 mmol) and di-t-butyl dicarbonate (15.7 g, 72 mmol). This solution was brought to 
gentle reflux and maintained for 16 hrs. Heating was discontinued, and once cool, the solution was concen- 
trated in vacuo. The residue was dissolved in ethyl acetate (400 mL) and washed twice with 1.0 M citric acid 
(200 mL), twice with saturated aqueous sodium bicarbonate (200 mL), and twice with brine (200 mL). The or- 
ganic solution was dried (MgS0 4 ), filtered, and concentrated in vacuo to give a yellow oil. A portion of this oil 
(24.8 g, 44 mmol) was dissolved in 300 mL of dioxane. To this was added a solution consisting of 2.05 g 
LiOH-H 2 0 (49 mmol) in 150 mL water. This mixture was allowed to stir for 5 hrs at room temp at which time 
1 00 mL of saturated aqueous ammonium chloride was added. Solvents were removed in vacuo and the residue 
was partitioned between saturated aqueous sodium bicarbonate and diethyl ether. The layers were separated 
and the aqueous layer was acidified to pH 3 with citric acid. The acidic aqueous solution was extracted 3 times 
with diethyl ether (200 mL) and these were combined, dried (MgS0 4 ), filtered and concentrated to give 24.3 
g of N-(t-BuOOCCH 2 )-N-Boc-D-Phe-cis-Ohi-OH as a white foam. 
1H NMR 

FD-MS, m/e 530 (M + ) 
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Analysis for C29H42N2O7: 


Calc: 
Found: 


C, 65.64; 
C, 65.39; 


H, 7.98; 
H, 8.04; 


N, 5.28; 
N, 5.39. 



C) Preparation of HOOCCH 2 -D-Phe-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI 

10 By methods substantially equivalent to those described in Example 18-E and 46-D, 1.2 g (67%) of 

HOOCCH 2 -D-Phe-cis-Ohi-p-NHCH 2 C 6 H 4 C(NH)NH 2 .HCI were obtained. 
1 H NMR 

FAB-MS, m/e 506.3 (MH + ) 



Analysis for C 28 H3 5 N 5 0 4 -2HCIH 2 0: 


Calc: 
Found: 


C, 57.24; 
C, 57.40; 


H, 6.52; 
H, 6.30; 


N, 11.92; 
N, 11.69. 



20 

Example 48 



25 



30 




O 



HOOCCH2 -D-Cha-Pro-p-NHCH2C6H4C (NH) NH2 • HCl 

(N-(carboxymethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide) 

40 A) Preparation of HOOCCH 2 -D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI 

By methods substantially equivalent to those described in Example 46, 0.92 g of HOOCCH 2 -D-Cha-Pro- 
p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI were prepared. 
1H NMR 
45 FD-MS, m/e 458 (M + ) 





Analysis for C 24 


H35N5O4HCIO.5H2O: 






Calc: 


C, 57.30; 


H.7.41; 


N, 13.92; 


50 












Found: 


C, 57.52; 


H, 7.29; 


N, 13.83. 
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Example 49 




HOOCCH2-D-Cha-cis-Ohi-p-NHCH2C6H4C ( NH ) NH2 • HC 1 

((S-cis)-N-[[4-(aminoiminometh^ 
boxamide hydrochloride) 

A) Preparation of HOOCCH 2 -D-Phe-cis-Ohi-p-NHCH2C 6 H 4 C(NH)NH2*HCI 

By methods substantially equivalent to those described in Example 1-Aand 1-D, 18-E, 44-B, 47-A(using 
benzyl bromoacetate) and 18-R 0.75 g of HOOCCH 2 -D-Cha-cis-Ohi-p-NHCH2C 6 H4C(NH)NH 2 HCI were ob- 
tained starting from Boc-D-Cha and cis-Ohi-OEtHCI. HPLC Method 2 was used in the purification of this ma- 
terial using a gradient of 98/2 A/B to 70/30 A/B over 3 h. 
1 H NMR 

FAB-MS, m/e 512.3 (MH + ) 



Analysis for C 28 H 41 N 5 04 HCI: 


Calc: 
Found: 


C, 61.36; 
C, 61.08; 


H, 7.72; 
H, 7.47; 


N, 12.78; 
N, 12.53. 



Example 50 




HOOCCH2-D-Phe-Pro ( 4 -ci s -isoamyl ) -P-NHCH2C5H4C ( NH ) NH2 -HCl 
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A) Preparation of Cbz-Pro(4-trans-OH)-OEt. 

To a solution of Cbz-Pro(4-trans-OH)-OH (33 g, 124 mmol) in ethanol (500 ml_) was added p-toluenesul- 
fonic acid (1 g) and the solution was heated to reflux. After 16 h, the solution was cooled to room temperature, 
5 and the solvent was removed in vacuo. The residue was dissolved in ethyl acetate (400 ml_) and washed twice 
with saturated aqueous NaHC0 3 , and twice with a saturated aqueous sodium chloride solution. The ethyl acet- 
ate solution was dried with MgS0 4 , filtered and concentrated in vacuo to give 34.5 g (95%) of a colorless oil. 
1 H NMR 

FD-MS, m/e 293 (M + ) 



Analysis for C 15 H 19 N0 5 : 


Calc: 
Found: 


C, 61.42; 
C, 61.20; 


H,6.53; 
H, 6.65; 


N, 4.77; 
N, 4.73. 



B) Preparation of Cbz-Pro(4-oxo)-OEt. 

Cbz-Pro(4-trans-OH)-OEt (32.7 g, 111 mmol) was dissolved in dichloromethane (500 ml_) with mechanical 
stirring in a 1 L round bottom flask. To this solution was added 3 A molecular sieves (100 g) and pyridinium 
chlorochromate (60 g, 278 mmol), in portions small enough to maintain efficient stirring. After stirring for 12 h 
at room temperature, diethyl ether (200 ml_) was added and the black slurry was decanted from a tarry residue 
and flushed through a column of silica gel (200 g). The residue was washed twice with dichloromethane (200 
ml_) and the combined washings were also passed through the silica plug. The filtrate was flushed through a 
silica gel column with 1:1 ethyl acetate/hexanes (4 L) and 500 ml_ fractions were collected. All fractions con- 
taining product, as judged by TLC, were combined and concentrated in vacuo to give 23.8 g (74%) of a colorless 
oil. 

1H NMR 

FD-MS, m/e 291 (M + ) 



35 



Analysis for C 15 H 17 N0 5 : 


Calc: 
Found: 


C, 61.85; 
C, 61.57; 


H, 5.88; 
H, 5.82; 


N, 4.81; 
N, 4.71. 



C) Preparation of Cbz-Pro(4-isobutylmethylidene)-OEt. 

40 Potassium t-butoxide (34 g, 288 mmol) was suspended in tetrahydrofuran (800 ml_) in an oven dried 2- 

neck 2 L round bottom flask equipped with a nitrogen inlet, magnetic stir bar, and addition funnel. To this sus- 
pension was added, in several portions, isoamyltriphenylphosphonium bromide (120 g, 288 mmol). After stir- 
ring for 30 min, a solution of Cbz-Pro(4-oxo)-OEt (70 g, 240 mmol) in tetrahydrofuran (150 ml_) was added 
dropwise via an addition funnel over a 1 h period. After stirring for an additional 2 h, saturated aqueous NH 4 CI 

45 (100 mL) was added. This solution was diluted with ethyl acetate (750 ml_) and the layers were separated. The 
organic layer was washed two times with 1 N citric acid, twice with saturated aqueous NaHC0 3 , and twice 
with a saturated aqueous sodium chloride solution. The organic solution was dried with MgS0 4 , filtered and 
concentrated to give a yellow oil. This oil was purified by flash chromatography over silica gel, eluting with 2:1 
hexanes/ethyl acetate. Fractions containing product (as judged by TLC) were combined and concentrated in 

so vacuo to give 37 g (45%) of a colorless oil. 
1 H NMR 

FD-MS, m/e 345 (M + ) 



55 
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Analysis for C20H27NO4: 


Calc: 
Found: 


C, 69.54; 
C, 69.74; 


H, 7.88; 
H, 7.85; 


N, 4.05; 
N, 3.99. 



D) Preparation of Pro(4-cis-isoamyl)-OEtHCI. 

10 To a solution of Cbz-Pro(4-isobutylmethylidene)-OEt (37 g, 107 mmol) in ethanol (500 ml_) was added 5% 

Pd/C (5 g). Nitrogen gas was bubbled through this solution for 5 min and then hydrogen gas was bubbled 
through for 3 h. The solution was filtered through a pad of diatomaceous earth. Hydrogen chloride gas was 
then bubbled through the solution until saturation, and then the solution was concentrated in vacuo to give 26 
g (97%) of amber oil. 

15 1 H NMR 

FD-MS, m/e 214 (M + ) 



20 



Analysis for C 12 H24CIN0 2 : 


Calc: 
Found: 


C, 57.70; 
C, 57.46; 


H, 9.68; 
H, 9.50; 


N, 5.61; 
N, 5.82. 



E) Preparation of HOOCCH2-D-Phe-Pro(4-cis-isoamyl)-p-NHCH 2 C 6 H 4 C(NH)NH 2 -HCI 

By methods substantially equivalent to those described in Example 1-Aand 1-D, 18-E, 44-B, 47-A(using 
benzyl bromoacetate) and 18-F, 0.27 g of HOOCCH 2 -D-Phe-Pro(4-cis-isoamyl)-p-NHCH 2 C 6 H 4 C(NH)NH2 HCI 
were obtained starting from Boc-D-Cha and Pro(4-cis-isoamyl)-OEtHCI. HPLC Method 2 was used in the pur- 
ification of this material using a gradient of 98/2 A/B to 50/50 A/B over 3 h. 
1 H NMR 



FAB-MS, m/e 528.4 (MH + ) 





Analysis for C 29 


H45N5O4I.9HCI: 






35 


Calc: 


C, 58.34; 


H, 7.92; 


N, 11.73; 


CI, 11.28; 




Found: 


C, 58.30; 


H, 7.85; 


N, 11.83; 


CI, 11.27. 



40 Example 51 



45 




D-Cha-Pro-p-NHCH2C6H4C ( NH ) NH2 • 2HC1 
55 (D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide dihydrochloride 
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A) Preparation of Boc-D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz 

By methods substantially equivalent to those described in Examples 1-A, 46-E, and 18-E, 32.5 g (94%) 
of Boc-D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz was prepared starting from Boc-D-Cha-Pro-OH. 
1H NMR 

FD-MS, m/e 634 (M + ) 



Analysis for C 3 5H47N 5 0 6 : 


Calc: 
Found: 


C, 66.33; 
C, 66.30; 


H, 7.47; 
H, 7.47; 


N, 11.05; 
N, 11.26. 



B) Preparation of D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz-2HCI 

By a method substantially equivalent to that described in Example 23-A, 9.6 g (101%) of D-Cha-Pro-p- 
NHCH 2 C 6 H 4 C(NH)NHCbz2HCI was prepared from Boc-D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz. 
1 H NMR 

FD-MS, m/e 534 (M + ) 



Analysis for C 30 H 41 N 5 O 4 CI 2 : 


Calc: 
Found: 


C, 59.40; 
C, 59.54; 


H, 6.81; 
H, 6.80; 


N, 11.54; 
N, 11.77; 


CI, 11.69; 
CI, 11.21. 



C) Preparation of D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 2HCI 

By a method substantially equivalent to that described in Example 18-F, 0.74 g (62%) of D-Cha-Pro-p- 
NHCH 2 C 6 H 4 C(NH)NH 2 -2HCI was prepared. HPLC Method 2 was used in the purification of this material using 
a gradient of 98/2 A/B to 75/25 A/B over 2.5 hrs. 
1 H NMR 

FAB-MS, m/e 400.3 (M + ) 



Analysis for C 22 H3 3 N 5 0 2 -2.1 HCI: 


Calc: 
Found: 


C, 55.50; 
C, 55.64; 


H, 7.43; 
H, 7.50; 


N, 14.71; 
N, 14.65; 


CI, 15.64; 
CI, 15.81. 



Example 52 



O 




HOOCCH2CH2~D-Cha-Pro-p-NHCH2C6H4C ( NH ) NH2 * HCl 
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(N-(2-carboxyethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methy^ hydro- 
chloride) 

A) Preparation of HOOCCH 2 CH 2 -D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 .HCI 

5 

D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz 2HCI (2.5 g, 4.1 mmol) was suspended in EtOAc (100 ml_) with 
stirring. A solution of 1 M KHC0 3 (100 ml_) was added to the suspension and the mixture was stirred until all 
solid had dissolved. The mixture was transferred to a separatory funnel and the layers separated. The organic 
layer was dried (MgS0 4 ), filtered and concentrated in vacuo to give 1 .24 g of the free base as a white solid. 

10 This solid was dissolved in EtOH (100 ml_). Benzyl acrylate (0.41 g, 2.6 mmol) was added and the solution 
was stirred for 2 days at room temperature. Then, to this solution was added water (50 ml_), 1 N HCI (4.6 ml_) 
and 5% Pd/C (0.5 g) and the stirring suspension was degassed and placed under an atmosphere of hydrogen. 
After 16 h, diatomaceous earth was added and the slurry was filtered over a pad of diatomaceous earth. The 
filtrate was concentrated to a volume of 25 ml_ in vacuo and purified by preparative RPHPLC method 2, using 

15 a gradient of 98/2 A/B to 75/25 A/Bover2.5h. Fractions containing pure product (as judged by analytical HPLC) 
were pooled, concentrated and lyophilized to give 0.27 g (23%) of HOOCCH 2 CH 2 -D-Cha-Pro-p- 
NHCH 2 C 6 H 4 C(NH)NH 2 .HCI. 
1 H NMR 

FAB-MS, m/e 472.4 (MH + ) 



20 



Analysis for C 25 H37N 5 0 4 -1 .9HCI: 


Calc: 
Found: 


C, 55.50; 
C, 55.26; 


H, 7.25; 
H, 7.26; 


N, 12.94; 
N, 13.21; 


CI, 12.45; 
CI, 12.85. 



Example 53 



30 



35 




H02CCH 2 -D-Cha-Pro~4-NHCH2-piperidine.HCl 

A) Preparation of Boc-4-(aminomethyl)pyridine. 

By a method substantially equivalent to that described in example 34-A, 19 g (87%) of Boc-4-(aminome- 
thyl)pyridine was prepared from 4-(aminomethyl)pyridine. 
1 H NMR 

B) Preparation of 4-BocNHCH 2 -N-Cbz-piperidine. 

4-BocNHCH 2 -pyridine (10 g, 48 mmol) was dissolved in ethanol (280 ml_) and 5% Rh/C (10 g) was added. 
The suspension was shaken under an atmosphere of hydrogen (4.1 bar, 60 psi) at 60 °C overnight. The catalyst 
was then filtered off and the solution was concentrated in vacuo to give 9.0 g of a gray solid. A 3.2 g portion 
of the solid was dissolved in tetrahydrofuran (75 ml_) and an aqueous solution (75 ml_) of potassium carbonate 
(4.2 g, 30 mmol) was added. To this stirring solution was added benzyl chloroformate (2.3 ml_, 16 mmol). After 
15 min, the solution was concentrated in vacuo to about 1/2 the original volume and then diluted with ethyl 
acetate. The organic phase was separated and washed with brine, then dried (MgS0 4 ), filtered and concen- 
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trated in vacuo to give 4.6 g (76%) of a white solid. 
1 H NMR 

FD-MS, m/e 349 (M + ) 

5 C) Preparation of 4-NH 2 CH 2 -N-Cbz-piperidineHCI. 

By a method substantially equivalent to that described in example 23-A, 3 g (84%) of 4-NH 2 CH 2 -N-Cbz- 
piperidine HCI was prepared from 4-BocNHCH 2 -N-Cbz-piperidine. 
IR 

10 1 H NMR 

FD-MS, m/e 249 (MhT) 

D) Preparation of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-OH. 

15 N-(t-Bu0 2 CCH 2 )-N-Boc-D-Phe-Pro-OH (13 g, 27 mmol) was dissolved in ethanol (750 mL) and Pt0 2 (13 

g) was added. The suspension was shaken under an atmosphere of hydrogen at 4.1 bar (60 psi) at 40 °C for 
16 h. The catalyst was then filtered off and the filtrate was concentrated in vacuo to give 11.7 g (90%) of a 
white foam. 
IR 

20 1 H NMR 

FD-MS, m/e 483 (M + ) 



Analysis for C 25 H 42 N 2 0 7 : 


Calc: 
Found: 


C, 62.22; 
C, 62.99; 


H, 8.77; 
H, 8.96; 


N, 5.80; 
N, 5.48. 



E) Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -piperidine HCI. 

By methods substantially equivalent to those described in example 1-G and example 46-D, 1.1 g of 
H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -piperidine-HCI was prepared from N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-OH 
and HCI4-NH 2 CH 2 -N-Cbz-piperidine. The product was purified by RPHPLC method 2, ramping from 98/2 (A/B) 
through 70/30 (A/B) over 2 h. 
IR 

1H NMR 

FD-MS, m/e 423 (M + ) 



Analysis for C 22 H3 8 N 4 04-2HCM .5H 2 0: 


Calc: 
Found: 


C, 50.57; 
C, 50.31; 


H, 8.29; 
H, 8.46; 


N, 10.72; 
N, 10.93. 



45 



50 



55 
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Example 54 




H02CCH 2 -D-Cha-Pro-4-NHCH 2 CH2-piperidine«HCl 



Preparation of H02CCH2-D-Cha-Pro-4-NHCH 2 CH2-piperidine HCI. 

By methods substantially equivalent to those described in example 52, 0.59 g of H0 2 CCH 2 -D-Cha-Pro-4- 
NHCH 2 CH 2 -piperidineHCI was prepared from 4-aminoethylpyridine. The product was purified by RPHPLC 
method 2, ramping from 98/2 (A/B) through 70/30 (A/B) over 2 h. 
IR 

1H NMR 

FD-MS, m/e 437 (M + ) 



Analysis for C 23 H4 0 N 4 O4-2.5HCM .5H 2 0: 


Calc: 
Found: 


C, 49.80; 
C, 49.95; 


H, 8.27; 
H, 8.08; 


N, 10.10; 
N, 10.34. 



Example 55 




• HCI 



o 



H02CCH2-D-Cha-Pro-4-NHCH 2 CH 2 CH2-piperxdine-HCl 

A) Preparation of 4-hydroxypropyl-N-Cbz-piperidine. 

By methods substantially equivalent to those described in example 53-B, 28 g (67%) of 4-hydroxypropyl- 
N-Cbz-piperidine was prepared from 4-hydroxy propyl pyridine. 
1H NMR 
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B) Preparation of 4-(NH 2 CH2CH 2 CH 2 )-N-Cbz-piperidine-HCI. 

By methods substantially equivalent to those described in examples 30-B, 30-C and 30-D, 7.3 g of 4- 
(NH 2 CH2CH 2 CH2)-N-Cbz-piperidine-HCI were prepared from 4-hydroxypropyl-N-Cbz-piperidine. 
5 1 H NMR 

FD-MS, m/e 276 (M + ) 

C) Preparation of H0 2 CCH2-D-Cha-Pro-4-NHCH2CH 2 CH2-piperidine HCI. 

10 By methods substantially equivalent to those described in example 53-D and 53-E, 0.39 g of H0 2 CCH 2 - 

D-Cha-Pro-4-NHCH 2 CH 2 CH 2 -piperidine HCI was prepared from N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-OH and 
4-aminopropyl-N-Cbz-piperidineHCI.The product was purified by RPHPLC method 2, ramping from 98/2 (A/B) 
through 70/30 (A/B) over 2 h. 
IR 

15 1 H NMR 

IS-MS, m/e 451.4 (MH + ) 



Analysis for C24H42N4O4 2HCI H2O: 


Calc: 
Found: 


C, 53.23; 
C, 53.43; 


H, 8.56; 
H, 8.63; 


N, 10.35; 
N, 10.19. 



Example 56 



30 



35 




O 



HO2CCH2 -D-Cha-Pro-4 -NHCH2 - 1 - ami dinopiperi dine ■ HCI 

(N-(carboxymethyl)-D-cyclohexylalanyl-N-[[1-(aminoiminomethyl)-hexahydropyridin-4-yl]methyl]-L- 
prolinamide hydrochloride) 

Preparation of H0 2 CCH2-D-Cha-Pro-4-NHCH 2 -1-amidinopiperidine HCI. 

By methods substantially equivalent to those described in examples 34-D, 23-A, 1-G (using N-(t- 
Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-OH), 18-E, and 1-H, 0.35 g of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -1-amidinopipe- 
ridine-HCI was prepared from 4-BocNHCH 2 piperidine. The final product was purified by RPHPLC method 2 
(98/2 (A/B) ramp to 75/25 (A/B), 150 min). 
IR 

1 H NMR 

FAB-MS, m/e 465 (MH + ) 
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Analysis for C^H^NeO^HCI: 


Calc: 
Found: 


C, 51.39; 
C, 51.66; 


H, 7.88; 
H, 7.98; 


N, 15.63; 
N, 15.80; 


CI, 13.19; 
CI, 13.48. 



Example 57 



10 



15 



20 




25 H02CCH 2 -D-Cha-Pro-4-NHCH 2 CH2-l-amidinopiperidine.HCl 

Preparation of H02CCH 2 -D-Cha-Pro-4-NHCH 2 CH2-1-amidinopiperidine HCI. 

30 By methods substantially equivalent to those described in examples 34-D, 23-A, 1-G (using N-(t- 

Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-OH), 18-E, and 1-H, 0.34 g of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 CH 2 -1-amidino- 
piperidine HCI were prepared from 4-BocNHCH 2 CH 2 -piperidine. The final product was purified by RPHPLC 
method 2 (98/2 (A/B) ramp to 75/25 (A/B), 150 min). 
IR 

35 1 H NMR 



FAB-MS, m/e 479.4 (MH + ) 





Analysis for C 24 H 42 N 6 04-2HCI: 


40 


Calc: 


C, 52.26; 


H, 8.07; 


N, 15.24; 


CI, 12.86; 




Found: 


C, 52.56; 


H, 8.15; 


N, 15.37; 


CI, 13.07. 
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Example 58 



5 



10 




O 



15 

HO2CCH2 -D-Cha-Pro-4 -NHCH2 -3 , 4 -dehydro-piperidine - HCl 

A) Preparation of 4-BocNHCH 2 -N-methyl-pyridinium iodide. 

20 

To a stirring solution of 4-BocNHCH 2 -pyridine (20 g, 96 mmol) in acetonitrile (200 ml_) was added iodo- 
methane (8.9 mL, 144 mmol). After 16 h, the solution was concentrated in vacuo to give 33.8 g (96%) of a thick 
light yellow oil. 
FD-MS, m/e 223.1 (M+) 

25 

B) Preparation of 4-BocNHCH 2 -N-Fmoc-3,4-dehydro-piperidine. 

To a stirring solution of 4-BocNHCH 2 -N-methyl-pyridinium iodide (7.7 g, 34 mmol) in 1,2-dichloroethane 
(100 ml_) was added 1,8-bis(dimethylamino)naphthalene (1.5 g, 6.8 mmol) followed by 2-chloroethyl chloro- 

30 formate (5.3 g, 37 mL). The solution was heated to reflux and after 2 h, the solution was cooled to room tem- 
perature and the solvent was removed in vacuo and the residue was quickly flushed through a column of silica 
gel with 20% ethyl acetate/hexanes. The organic solvents were removed in vacuo and the residue was dis- 
solved in methanol (300 mL) and heated to reflux for 20 min. Saturated aqueous NaHC0 3 (100 mL) was then 
added and the solvents were removed in vacuo. The residue was dissolved in water (200 mL) and washed 

35 twice with hexanes, then saturated with solid NaCI and extracted several times with ethyl acetate. The com- 
bined ethyl acetate extracts were dried (MgS0 4 ), filtered, and concentrated in vacuo to give a light yellow oil 
which was dissolved in dichloromethane (75 mL). To this stirring solution was then added N,N-diisopropyle- 
thylamine (2.1 mL, 12.2 mmol) followed by 9-fluorenylmethyl chloroformate (3.2 g, 12.2 mmol). After 2 h, the 
solvent was removed in vacuo and the residue was dissolved in ethyl acetate (250 mL) and washed twice with 

40 1 N citric acid, once with brine, twice with saturated aqueous NaHC0 3 and finally once with brine. The organic 
phase was then dried (MgS0 4 ), filtered and concentrated in vacuo and the residue was chromatographed over 
a silica gel column, eluting with a step gradient of 5% ethyl acetate/hexanes through 50% ethyl acetate/hex- 
anes. The product containing fractions (judged by TLC) were combined and concentrated to give 4 g (27%) of 
a white solid. 

45 |R 

1H NMR 

FD-MS, m/e 435 (M + ) 

C) Preparation of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -N-Fmoc-3,4-dehydro-piperidine. 

50 

By methods subtantially equivalent to those described in examples 23-Aand 1-G (using N-(t-Bu0 2 CCH 2 )- 
N-Boc-D-Cha-Pro-OH), 2.5 g of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -N-Fmoc-3,4-dehydro-piperi- 
dine was prepared from 4-BocNHCH 2 -N-Fmoc-3,4-dehydro-piperidine. 
IR 

55 1 H NMR 

FD-MS, m/e 799 (M + ) 
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D) Preparation of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -3,4-dehydro-piperidine. 

N-(t-Bu0 2 CCH2)-N-Boc-D-Cha-Pro-4-NHCH 2 -N-Fmoc-3,4-dehydro-piperidine (1.5 g, 1.9 mmol) was dis- 
solved in morpholine (25 mL) and after stirring for 5 h, the solvent was evaporated in vacuo. The residue was 

5 dissolved in ethyl acetate and washed twice with saturated aqueous NaHC0 3 , dried (MgS0 4 ), filtered and con- 
centrated in vacuo. The residue was then dissolved in a small volume of chloroform and chromatographed over 
silica gel, eluting with a gradient of 5% to 10% A/B (A= 9:1 methanol/conc. NH 4 OH; B = chloroform). The product 
containing fractions as judged by TLC were combined and concentrated in vacuo to give 890 mg (82%) of white 
solid. 

10 1 H NMR 

FD-MS, m/e 576 (MhT) 

E) Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -3,4-dehydro-piperidine-HCI. 

15 HCI gas was bubbled through a solution of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -3,4-dehydro-pi- 

peridine (820 mg, 1.4 mmol) and anisole (1 mL) in dioxane (25 mL) at 0 °C for 10 min. After stirring for 12 h, 
the solvent was removed in vacuo and the residue was dissolved in water (50 mL) and washed twice with diethyl 
ether. The aqueous phase was then concentrated to a volume of about 20 mL in vacuo and purified by RPHPLC 
(Method 2, 98/2 {AJB) through 70/30 (A/B), 2 h). The product containing fractions as judged by analytical 

20 RPHPLC were combined, partially concentrated in vacuo and lyophilized to give 442 mg (68%) of white solid. 
IR 

1 H NMR 

FD-MS, m/e 423 (MH + ) 



Analysis for C 22 H 36 N 4 04-2HCM .5H 2 Q: 


Calc: 
Found: 


C, 50.57; 
C, 50.31; 


H, 8.29; 
H, 8.46; 


N, 10.72; 
N, 10.93. 



Example 59 



35 



40 




H02CCH 2 -D-Cha-Pro-4-NHCH 2 CH2-3 , 4-dehydro-piperidine • HCI 

Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 CH 2 -3,4-dehydro-piperidine HCI. 

By methods substantially equivalent to those described in example 58, 73 mg of H0 2 CCH 2 -D-Cha-Pro-4- 
NHCH 2 CH 2 -3,4-dehydro-piperidine HCI was prepared from 4-BocNHCH 2 CH 2 -pyridine. The final product was 
purified by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 2 h). 
IR 

1H NMR 

IS-MS, m/e 435.2 (MH + ) 
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Analysis for C 2 3H3 8 N 4 04-2.3HCI-3H 2 0: 


Calc: 
Found: 


C, 48.26; 
C, 48.31; 


H, 8.15; 
H, 7.93; 


N, 9.79; 
N, 9.66; 


CI, 14.24; 
CI, 14.56. 



Example 60 




H02CCH 2 -D-Cha-Pro-4-NHCH 2 CH 2 CH2-3 , 4 - dehydro-piperidine . HCl 



Preparation of H0 2 CCH2-D-Cha-Pro-4-NHCH2CH 2 CH2-3,4-dehydro-piperidine-HCI. 

By methods substantially equivalent to those described in example 58, 205 mg of H0 2 CCH 2 -D-Cha-Pro- 
4-NHCH 2 CH 2 CH 2 -3,4-dehydro-piperidine HCI was prepared from 4- BocNHCH 2 CH 2 CH 2 - pyridine. 
IR 

1H NMR 

IS-MS, m/e 449.2 (MH + ) 



Analysis for C24H40N4O42.3 HCl H 2 0: 


Calc: 
Found: 


C, 52.37; 
C, 51.64; 


H,3.11; 
H, 7.72; 


N, 10.18; 
N, 10.31; 


CI, 14.69. 



Example 61 




♦3 HCl 



(1R, 4aR, 8aR) -1-Piq-Pro-Agm* 3HC1 

(N-[4-[(aminoiminomethyl)amino]butyl]-1-[[(4aR,8aR)-decahydro-1(R)-isoquinolinyl]carbonyl]-1-prolinamide 
trihydrochloride) 
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The R f values in this example were determined by silica gel thin layer chromotography (Kieselgel 60 F- 
254) in the following systems (v/v): 

(A) Chloroform: Methanol: Acetic Acid 135:15:1 

(B) Ethyl acetate:Acetic Acid: Absolute Ethanol 90:10:10 
5 (C) Ethyl acetate: Hexane (70:30) 

(D) Chloroform 

A) N-Methoxycarbonylphenethylamine 

10 To a stirred solution of phenethylamine (75.2 ml_, 0.6 mol) and triethylamine (83 ml_, 0.6 mol) in THF (500 

ml_) was added slowly methyl chloroformate 46.2 ml_, 0.6 mol) dissolved in THF (50 ml_). After the reaction 
was stirred for an additional 1 h at room temperature, diethyl ether (2 L) and 1 N HCI (800 ml_) were added. 
The organic layer was washed with water, dried (MgS0 4 ), filtered, and the filtrate was concentrated in vacuo 
to give a clear oil of pure title compound (102 g, 95%). 

15 

B) 2-Methoxycarbonyl-DL-1 ,2,3,4-tetrahydoisoquinoline-1 -carboxylic acid 

To a solution of N- met hoxy carbon y I phenethylamine (102 g, 0.57 mol) in trifluoroacetic acid (300 ml_) was 
added glyoxylic acid (63 g, 0.68 mol), and the mixture was heated to reflux temperature. After 4 h at reflux the 
20 reaction was cooled to room temperature, solvent removed in vacuo, and diethyl ether (800mL) / water (100 
ml_) was added to the residue. The reaction mixture pH was raised to 12 with 5 N NaOH and the aqueous layer 
separated. To the aqueous layer was added diethyl ether (500 ml_), and the solution was acidified to pH 2.5 
with 5 N HCI. The organic layer was separated, dried (MgS0 4 ), filtered, and the filtrate was concentrated in 
vacuo to afford an oil of pure title compound (107 g, 80%); FAB-MS 236 (MH + ). 

25 

C) 2-Methoxycarbonyl-DL-1,2,3,4-tetrahydoisoquinoline-1-carboxylic acid t-butyl ester 

To a stirred, cooled (0 °C), solution of 2-methoxycarbonyl-DL-1,2,3,4-tetrahydoisoquinoline-1 -carboxylic 
acid (2) (1 05 g, 0.45 mol) in CH 2 CI 2 (200 ml_) was added t-butanol (52 ml_, 0.54 mol) and DCC (92 g, 0.45 mol). 
30 After 2 h at 0 °C and 24 h at room temperature the solvent was removed in vacuo, and ethyl acetate (800ml_) / 1 
N NaHC0 3 (300 ml_) was added to the residue. The organic layer was separated, washed with water, 1.5 N 
citric acid, and water. The organic layer was dried (MgS0 4 ), filtered, and the filtrate was concentrated in vacuo 
to afford an oil of pure title compound (106 g, 81%); FAB-MS 292 (MH + ); TLC R f (A) 0.61; elemental analysis 
(calcd) C 16 H 21 N0 4 : C, 65.96; H, 7.27; N, 4.81; Found: C, 66.24, H, 7.28, N, 4.73. 

35 

D) 2-Methoxycarbonyl-(1RS,4aSR,8aSR)-perhydoisoquinoline-1-carboxylic acid t-butyl ester 

A solution of 2-methylcarbonyl-DL-1, 2, 3,4-tetrahydoisoquinoline-1 -carboxylic acid t-butyl ester (105 g, 
0.36 mol) in t-butanol (800 ml_) was reduced over 5% Rh/Al 2 0 3 (52.5 g) at 55 bar (800 psi) of hydrogen in a 
40 high pressure apparatus at 50 °Cfor24 hours. The reaction mixture was filtered through a pad of diatomaceous 
earth, and the filtrate was concentrated in vacuo. The resulting oil was dried to give pure title compound (96.5 
g, 90%) FD-MS 298 (MH + ); TLC R f (C) 0.63. 

E) 2-Methoxycarbonyl-(1RS,4aRS,8aRS)-perhydoisoquinoline-1-carboxylic acid ethyl ester 

45 

To a solution of 2-methoxycarbonyl-(1RS,4aSR,8aSR)-perhydoisoquinoline-1 -carboxylic acid t-butyl ester 
(81.2 g, 273 mmol) in EtOH (500 ml_) was added sodium ethoxide (21% in ethanol) (88.4 ml_, 273 mmol) and 
the reaction mixture was refluxed (24 h). The organic solvent was evaporated in vacuo, ethyl acetate (400ml_) 
and water (1 00 ml_) was added to the residue. The organic layer was separated, washed twice with water, dried 
so (MgS0 4 ), filtered, and the filtrate was concentrated in vacuo to afford an oil of pure title compound (70 g, .95%); 
FAB-MS 270 (MH + ); TLC R f (A) 0.61. 

F) 2-Methoxycarbonyl-(1 RS,4aRS,8aRS)-perhydoisoquinoline-1 -carboxylic acid 

55 To a solution of the product of step E (70 g, 260 mmol) in THF (250 mL) was added 2 N NaOH (156 mL, 

312 mmol) and the reaction mixture stirred at room temperature (30 h). The organic solvent was evaporated 
in vacuo, diethyl ether (400 mL) and water (100 mL) was added to the residue. The aqueous layer separated 
and ethyl acetate (400 mL) was added. The pH of the solution was adjusted to 2.0 with 5 N HCI. The organic 
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layer was dried (MgS0 4 ), filtered, and the filtrate was concentrated in vacuo to give a clear oil. The oil was 
crystallized from hexane (200 ml_) to afford pure title compound (46.4 g,.74%); FAB-MS 242 (MH + ); TLC R f 
(A) 0.36; elemental analysis (calcd) C 12 H 19 N0 4 : C, 59.74; H, 7.94; N, 5.81; Found: C, 59.95, H, 7.88, N, 5.54. 
NMR assignments were made by homonuclear decoupling, COSY, HMQC, and DEPT experiments. 

5 

G) 2-Cbz-(1RS,4aRS,8aRS)-perhydoisoquinoline-1-carboxylic acid 

To a stirred solution of the product of step F (46 g, 191 mmol), at room temperature, in anhydrous CH 3 CN 
(200 mL) under an inert atmosphere was added a solution of iodotrimethylsilane (62.4 ml_, 440 mmol) in CH 3 CN 

10 (60 mL). The reaction mixture was stirred at 55 °C for 30 min and cooled to room temperature. The reaction 
was quenched with water (100 mL) followed by sodium metabisulfite (1 g). The pH of the reaction was raised 
to 10.0 with 5 N NaOH, and benzyl chloroformate (27.3 mL, 191 mmol) was added dropwise while the pH main- 
tained at 10 with 2 N NaOH. After the reaction was stirred for an additional 30 min at room temperature, the 
organic solvent was evaporated in vacuo, and diethyl ether (200 mL) was added. The reaction was allowed to 

15 stand at room temperature (2 h) and ethyl acetate (200 mL) was added. The aqueous solution was acidified 
to pH 2.5 with 5 N HCI; the organic layer was separated, dried (MgS0 4 ), filtered, and the filtrate was concen- 
trated in vacuo to give pure title compound as an oil (39.5 g, 65%); FAB-MS 318 (MH + ); elemental analysis 
(calcd) C 18 H 23 N0 4 : C, 68.12; H, 7.30; N, 4.41; Found: C, 66.37, H, 7.52, N, 4.37. 

20 H) 2-Cbz-(1 RS,4aRS,8aRS)-perhydoisoquinoline-1 -carbonyl-Pro-O-t-Bu 

To a stirred, cooled (0 °C) solution of the product of step G (39 g, 123 mmol) in DMF (200 mL) was added 
proline t-butyl ester (21.1 g, 123 mmol), 1- hydroxy ben zotriazole (16.6 g, 123 mmol), and DCC (25.3 g, 123 
mmol). The reaction mixture was stirred for 2 h at 0 °C and 24 h at room temperature. The reaction precipitate 
25 was filtered and the filtrate concentrated in vacuo to an oil. The oil was dissolved in EtOAc (200 mL) and water 
(100 mL). The organic layer was washed sequentially with 1 N NaHC0 3 , water, 1.5 N citric acid, and water. 
The organic layer was dried (MgS0 4 ), filtered, and the filtrate evaporated to an amorphous solid of the title 
compound as a mixture of diastereomers (52.7 g, 91%) FAB-MS 471 (MH + ). 

30 I) 2-Cbz-(4aR,8aR)-perhydoisoquinoline-1(R)-carbonyl-Pro-OH 

To a stirred solution of the product of step H (52.4 g, 111 mmol) in CH 2 CI 2 (20 mL) was added trifluoroacetic 
acid (70 ml) and anisole (5 ml). The reaction mixture was stirred at room temperature for 1 h and concentrated 
in vacuo without heating. The residue was diluted with diethyl ether (400 ml), water (100 mL), and the pH of 

35 the solution was adjusted to 10.0 with 5 N NaOH. The aqueous layer separated and ethyl acetate (300 mL) 
was added. The pH of the solution was adjusted to 2.5 with 5 N HCI; the organic layer was separated, dried 
(MgS0 4 ), filtered, and the filtrate was concentrated in vacuo to give a clear oil. The oil was dissolved in diethyl 
ether (500 mL) and (L)-(-)-alphamethylbenzylamine was added to the solution. The solution was allowed to 
stand at room temperature (24 h). The resulting solid was filtered, washed with diethyl ether and dried. The 

40 solid was suspended in ethyl acetate, washed with 1 .5 N citric acid, and water. The organic layer was dried 
(MgS0 4 ), filtered, and the filtrate evaporated to give the title compound as an oil (20.2 g, 44%) FAB-MS 415 
(MH + ); [a] D = 3.2° (C = 0.5, MeOH); elemental analysis (calcd) C 23 H 30 N 2 O 5 : C, 66.65; H, 7.30; N, 6.76. Found: 
C, 66.38, H, 7.36, N, 6.63. 

45 J) 2-Cbz-(4aR,8aR)-perhydoisoquinoline-1(R)-carbonyl-Pro-NH-(CH 2 ) 4 -NH-Boc 

In flask 1 the product of step I (1.06 g, 2.55 mmole) was dissolved in DMF (10 ml), cooled to -15 °C, and 
N-methylmorpholine (0.28 ml, 2.55 mmole) was added, followed by isobutyl chloroformate (0.33 ml, 2.55 
mmole). The reaction mixture was stirred at -15 °C for 2 min. 
50 In flask 2 N-Boc-1,4-diamino-butane (0.48 g, 2.55 mmole) was dissolved in DMF (10 ml), cooled to 0 °C, 

and N-methylmorpholine (0.28 ml, 2.55 mmole) was added to the solution. The reaction mixture was stirred 
at 0 °C for 2 min. 

The contents of flask 2 was added to flask 1 , and the reaction mixture was stirred for 4 h (-1 5 °C) and 24 
h at room temperature. To the reaction was added 1 N NaHC0 3 (1 ml) and the reaction solvent was removed 
55 in vacuo to an oil. The residue was dissolved in EtOAc (200 ml) and washed sequentially with 1.5 N citric acid, 
water, 1 N NaHC0 3 (100 ml), and water. The organic solution was dried (MgS0 4 ), filtered, and concentrated 
to dryness in vacuo to give crude title compound as a solid (1 .47 g, 99%): FAB-MS 585 (MH + ); TLC R f (A) 0.70. 



87 



EP 0 672 658 A1 



K) (4aR,8aR)-Perhydoisoquinoline-1(R)-carbonyl-Pro-Agm-3HCI 

To a stirred solution of the product of step J (1.4 g, 2.4 mmol) in CH 2 CI 2 (2 ml_) was added trifluoroacetic 
acid (25 ml) and anisole (2.5 ml). The reaction mixture was stirred at room temperature for 30 min and con- 

5 centrated in vacuo without heating. The reaction was diluted with diethyl ether (100 ml) and the supernatant 
decanted. The resulting oil was triturated twice with diethyl ether and dried. The dried oil was dissolved in THF 
(20 ml_), triethylamine (0.66 ml_, 4.8 mmol), and bis-Cbz-S-methylisothiourea (0.859 g, 2.4 mmol) was added 
to the mixture. The reaction mixture was stirred at room temperature for 48 h. The organic solvent was evapo- 
rated in vacuo and the residue was dissolved in EtOAc (200 ml) and washed sequentially with 1 N NaHC0 3 

10 (100 ml), and water. The organic solution was dried (MgS0 4 ), filtered, and concentrated to dryness in vacuo 
to give a crude solid (1.5 g, 79%): TLC R f (D) 0.33. The crude solid (1.5 g.1 .93 mmol) dissolved in ethanol (50 
ml_), water (10 ml_), and 1 N HCI (5.8 ml_, 5.8 mmol) was hydrogenated in the presence of 5% Pd/C catalyst 
(2.5 g) at ambient temperature and pressure. The catalyst was removed by filtration and the filtrate concen- 
trated to an oil in vacuo. The oil was dissolved in trifluoroacetic acid (10 mL), thioanisole (1 .0 mL) and trifluor- 

15 omethanesulfonic acid (1.0 mL) were added to the mixture. The reaction mixture was stirred at room temper- 
ature for 0.5 h and diethyl ether (100 ml) was added. The supernatant was decanted, and the resulting oil was 
triturated twice with diethyl ether and dried in vacuo to give a crude solid (1 .3 g). The solid (1 .3 g) was dissolved 
in 0.05% HCI and applied to a 5 X 25 cm column of Vydac C 18 resin. A gradient of increasing concentrations 
of CH 3 CN (2% to 25%) was used to elute the peptide from the column. Fractions were collected and pooled 

20 on the basis of analytical RPHPLC profile and lyophilized to afford the pure title compound (0.139 g, 15%): 
FAB-MS 393 (MH + ); elemental analysis (calcd) C 20 H 36 N 6 O 2 -5HCI-3H 2 O: C, 38.28. Found: C, 38.34. 

Example 62 



30 



35 




H02CCH 2 -D-Cha-Pro-4-NHCH2C6H 4 NH 2 • HCl 

40 

Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 C 6 H 4 NH 2 -HCI. 

By methods substantially equivalent to those described in examples 1-G (using N-(t-Bu0 2 CCH 2 )-N-Boc- 
D-Cha-ProOH), 23-D, and 58-E, 0.17 g of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 C 6 H 4 NH 2 HCI was prepared from 4- 
45 nitrobenzylamine hydrochloride. The final product was purified by RPHPLC method 2 (98/2 (A/B) through 70/30 
(A/B), 2 h). 
IR 

1 H NMR 

FAB-MS, m/e 431.3(MH + ) 



Analysis for C23H34N4O4 2.2 HCI 1.5 H 2 0: 


Calc: 
Found: 


C, 51.37; 
C, 50.87; 


H, 7.35; 
H, 6.72; 


N, 10.42; 
N, 10.41; 


CI, 14.50; 
CI, 14.18. 
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Example 63 



5 



10 




15 

H02CCH2-D-Cha-Pro-4-NHCH 2 CH2C6H 4 NH2 • HCl 

20 Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH2CH 2 C 6 H 4 NH 2 .HCI. 

By methods substantially equivalent to those described in example 62, 0.19 g of H0 2 CCH 2 -D-Cha-Pro-4- 
NHCH 2 CH 2 C 6 H 4 NH 2 -HCI was prepared from 4-nitrophenethylamine hydrochloride. The final product was puri- 
fied by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 2 h). 

25 |R 

1H NMR 

FAB-MS, m/e 445.3 (MH + ) 



30 



Analysis for C24H3eN4O4-2.2HCI O.5H2O: 


Calc: 
Found: 


C, 54.00; 
C, 53.65; 


H, 7.40; 
H, 7.59; 


N, 10.50; 
N, 10.24; 


CI, 14.61; 
CI, 14.33. 



Example 64 



40 



45 




O F 



H02CCH 2 -D-Cha-Pro-4-KHCH2-3-F-C6H 3 NH 2 .HCl 

A) Preparation of 4-Boc 2 NCH 2 -3-F-C 6 H 3 N0 2 . 

To a stirring solution of 2-fluoro-4-nitrotoluene (5 g, 32 mmol) in carbon tetrachloride (160 ml_) was added 
N-bromosuccinimide (5.7 g, 32 mmol) followed by benzoyl peroxide (0.78 g, 3.2 mmol) and the solution was 
heated to reflux. After 12 h, the heat was removed and the mixture was diluted with carbon tetrachloride (100 
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ml_) and washed with water. The organic phase was then diluted with ethyl acetate (300 ml_), dried (MgS0 4 ), 
filtered and concentrated in vacuo. The residue was dissolved in tetrahydrofuran (50 ml_) and added to a stir- 
ring solution of NaH (60% dispersion in oil; 1.3 g, 32 mmol) and di-t-butyl iminodicarboxylate (6.9 g, 32 mmol) 
in tetrahydrofuran (100 ml_). After stirring overnight the solvent was removed in vacuo and the residue was 
5 chromatographed over silica gel, eluting with a step gradient of hexanes through 20% ethyl acetate/hexanes. 
The product containing fractions (judged by TLC) were combined and concentrated in vacuoto give 3.9 g (33%) 
of a white solid. 
IR 

1H NMR 
10 FD-MS, m/e 370 (M + ) 



Analysis for C 17 H23N 2 0 6 : 


Calc: 
Found: 


C, 55.13; 
C, 55.27; 


H, 6.26; 
H, 6.23; 


N, 7.56; 
N, 7.44. 



B) Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -3-F-C 6 H 3 NH 2 HCI. 

By methods substantially equivalent to those described in example 23-A, 1-G (using N-(t-Bu0 2 CCH 2 )-N- 
Boc-D-Cha-ProOH), 23-D and 58-E, 0.44 g of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -3-F-C 6 H 3 NH 2 HCI was pre- 
pared. The final product was purified using RPHPLC method 2, 98/2 (A/B) through 70/30 (A/B), 2 h). 
IR 

1H NMR 

FAB-MS, m/e 449.3 (MH + ) 





Analysis for C 23 


H33N4O4F.I.3HCI: 








Calc: 


C, 55.70; 


H, 6.97; 


N, 11.30; 


CI, 9.29; 


30 














Found: 


C, 55.38; 


H, 6.97; 


N, 11.05; 


CI, 9.31. 



Example 65 

35 



40 



45 




H02CCH 2 -D-Cha-Pro-4-NHCH 2 -2-amidinothiophene-HCl 

50 

(N-(carboxymethyl)-D-cyclohexylalanyl-N-[[5-(aminoiminomethyl)thiophen-2-yl]methyl]-L-prolinamide 
hydrochloride) 

A) Preparation of 2-cyano-5-formylthiophene 

55 

To a flame-dried 3 neck 1 L round bottom flask was added diisopropylamine (9 ml_, 66 mmol) and THF (1 50 
ml_) under a nitrogen atmosphere. The flask was cooled to an internal temperature of -78 °C (dry ice/acetone). 
To this stirring solution was added n-butyllithium (1.6 M in hexanes, 41 .3 ml_, 66.1 mmol) via syringe and the 



90 



EP 0 672 658 A1 



mixture was allowed to stir for 5 min. To this solution was added a solution of 2-thiophenecarbonitrile (6.55 g, 
60 mmol) in THF (30 ml_) over 10 min. The resulting bright red solution was allowed to stir at -78 °C for 45 min, 
at which time dimethylformamide (23.3 ml_, 300 mmol) was added via syringe. This mixture was allowed to 
stir for 2 h at -78 °C and then solid citric acid (about 10 g) was added followed by water (60 ml_). Volatile solvents 

5 were removed in vacuo and the residue was partitioned between diethyl ether and brine (200 ml_ each). Layers 
were separated and the aqueous phase was washed once with diethyl ether. The combined organic phase was 
washed once with brine, dried (MgS0 4 ), filtered and concentrated in vacuo to give a yellow solid which was 
purified by silica gel chromatography using an ethyl acetate/hexanes gradient (hexanes to 50% ethyl acet- 
ate/hexanes). Fractions containing pure product were pooled and concentrated in vacuo to give 6.9 g (84%) 

10 of 2-cyano-5-formyl-thiophene. 
1 H NMR 

B) Preparation of 2-cyano-5-(hydroxymethyl)thiophene 

15 To a solution of 2-cyano-5-formyl-thiophene (6.9 g, 50 mmol) in EtOH (100 ml_) was added sodium boro- 

hydride (1.9 g, 50 mmol) in portions. After 5 min of stirring, the solvent was removed in vacuo and the residue 
was partitioned between ethyl acetate and brine. The layers were separated and the organic phase was wash- 
ed once with 1 M citric acid and once with brine, then dried (MgS0 4 ), filtered and concentrated in vacuo to 
give 6.1 g (88%) of 2-cyano-5-(hydroxymethyl)thiophene. 

20 1 H NMR 



FD-MS, m/e 140 (M + ) 





Analysis for C 6 H 5 NOS: 


25 


Calc: 


C, 51.78; 


H, 3.62; 


N, 10.06; 




Found: 


C, 51.54; 


H, 3.62; 


N, 9.86. 



C) Preparation of 2-cyano-5-(bromomethyl)thiophene 

To a solution of 2-cyano-5-(hydroxymethyl)thiophene (6.0 g, 43 mmol) in THF (50 ml_) was added triphe- 
nylphosphine (15.7 g, 47 mmol) and carbon tetrabromide (12.3 g, 47 mmol). After stirring overnight under ni- 
trogen atmosphere at room temperature, the solvent was removed in vacuo and the residue was dissolved in 
chloroform, then adsorbed onto silica gel and loaded onto a silica gel column. The product was eluted using 
an ethyl acetate/hexanes gradient. Fractions containing pure product (as judged by TLC) were pooled and con- 
centrated in vacuo to give 6.5 g (75%) of 2-cyano-5-(bromomethyl)thiophene. 
1H NMR 



FD-MS, m/e 203 (M + ) 



40 


Analysis for C 6 H 4 NSBr: 




Calc: 


C, 35.66; 


H, 1.99; 


N, 6.93; 




Found: 


C, 35.71; 


H,2.03; 


N, 6.95. 



45 



D) Preparation of 2-cyano-5-(aminomethyl)thiophene-HCI 

To a cold (0°C) solution of 2-cyano-5-(bromomethyl)thiophene (6.0 g, 30 mmol) in THF (50 ml_) under ni- 
50 trogen was added NaH (60% dispersion in oil, 1 .3 g, 33 mmol) in portions. To this stirring suspension was added 
a solution of di-t-butyl iminodicarboxylate (7.1 g, 33 mmol) in THF (50 ml_) over 30 min. After stirring for 3 h, 
saturated aqueous ammonium chloride (100 ml_) was added. Volatile solvents were then removed in vacuo 
and the residue was partitioned between ethyl acetate and water. The layers were separated and the organic 
phase was washed twice with brine, dried (MgS0 4 ), filtered and concentrated in vacuo to give 10.5 g (100%) 
55 of 2-cyano-5-Boc 2 NCH 2 -thiophene which crystallized upon standing. This solid was dissolved in EtOAc (200 
ml_) and cooled to 0 °C using an ice/water bath. Anhydrous HCI gas was bubbled through the solution for 10 
min and the mixture was stirred for 2 h while warming to room temperature. Solvents were removed in vacuo 
and the resulting solid was suspended in diethyl ether and isolated by filtration. The white solid was dried over- 
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night under vacuum to give 5.2 g (100%) of 2-cyano-5-(aminomethyl)thiophene HCI. 
1 H NMR 

FD-MS, m/e139 (M + ) 



5 


Analysis for C 6 H 7 N 2 SCI: 




Calc: 


C, 41.26; 


H, 4.04; 


N, 16.04; 




Found: 


C, 41.19; 


H,4.12; 


N, 15.82. 



10 



E) Preparation of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -2-cyanothiophene. 

By a method substantially equivalent to that described in example 1-G (using N-(t-Bu0 2 CCH 2 )-N-Boc-D- 
Cha-ProOH), 4.6 g (93%) of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -2-cyanothiophene was prepared 
from 2-cyano-5-(aminomethyl)thiopheneHCI. 
IR 

1 H NMR 

FD-MS, m/e 602 (M + ) 

F) Preparation of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -2-C(NH)NHBoc-thiophene. 

Hydrogen sulfide gas was bubbled through a solution of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -2- 
cyanothiophene (1 .5 g, 2.5 mmol) and triethylamine (4.5 ml_) in pyridine (45 ml_) for 5 min and then the vessel 
was sealed and allowed to stand overnight. The next morning, nitrogen was bubbled through the solution for 
5 min and the solvent was removed in vacuo. The residue was dissolved in ethyl acetate and washed once 
with water and once with brine, then dried (MgS0 4 ), filtered and concentrated in vacuo. The residue was then 
dissolved in toluene and concentrated in vacuo two times. 

The residue was then dissolved in acetone (100 ml_) and iodomethane (5 ml_) was added. After stirring 
overnight at room temperature, the solvents were removed in vacuo. The resulting gold foam was then dis- 
solved in methanol (20 ml_), NH 4 OAc (0.39 g, 5 mmol) was added, and the solution was heated to reflux. After 
1 h, the solvent was removed in vacuo and the residue was dissolved in tetrahydrofuran (10 ml_). To this stirring 
solution was added a solution of K 2 C0 3 (1 .73 g, 12.5 mmol) in water (10 ml_) followed by di-t-butyl dicarbonate 
(2.2 g, 10 mmol). After stirring for 1 h, the suspension was diluted with ethyl acetate (400 mL) and washed 
with water followed by brine. The organic phase was then concentrated in vacuo and chromatographed over 
silica gel, eluting with a step gradient of 10% ethyl acetate/hexanes through 75% ethyl acetate/hexanes. The 
product containing fractions, as judged by TLC, were combined and concentrated in vacuo to give 1.1 g (61%) 
of a white foam. 
1 H NMR 

FD-MS, m/e 720 (M + ) 



Analysis for C 36 H57N 5 0 8 S: 


Calc: 
Found: 


C, 60.06; 
C, 59.76; 


H, 7.98; 
H, 8.07; 


N, 9.73; 
N, 9.52. 



G) Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -2-amidinothiophene HCI. 

so By a method substantially equivalent to that described in example 58-E, 500 mg of H0 2 CCH 2 -D-Cha-Pro- 

4-NHCH 2 -2-amidinothiopheneHCI were prepared. The product was purified by RPHPLC method 2 (98/2 (A/B) 
through 70/30 (A/B), 2 h). 
IR 

1 H NMR 
55 FAB-MS, m/e 464.2 (MH + ) 
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Analysis for C 22 H 3 3N50 4 S-2HCIH 2 0: 


Calc: 
Found: 


C, 47.65; 
C, 47.53; 


H, 6.73; 
H, 6.57; 


N, 12.63; 
N, 12.59; 


CI, 12.79; 
CI, 12.67. 



Example 66 



15 



20 




H02CCH 2 -D-Cha-Pro-2-NHCH2-5-amidinopyridine.HCl 

25 

(N-(carboxymethyl)-D-cyclohexylalanyl-N-[[5-(aminoiminomethyl)pyridin-2-yl]m 
hydrochloride) 

A) Preparation of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-2-NHCH 2 -5-cyanopyridine. 

30 

By methods substantially equivalent to those described in example 64-A, 23-A and 1-G (using N-(t- 
Bu0 2 CCH 2 )-N-Boc-D-Cha-ProOH), 4.4 g of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-2-NHCH 2 -5-cyanopyridine 
was prepared from 2-methyl-5-cyanopyridine. 
IR 

35 1 H NMR 

FD-MS, m/e 597 (M + ) 

B) Preparation of H0 2 CCH 2 -D-Cha-Pro-2-NHCH 2 -5-amidinopyridine HCI. 

40 By methods substantially equivalent to those described in example 65-F and 65-G, 130 mg of H0 2 CCH 2 - 

D-Cha-Pro-2-NHCH 2 -5-amidinopyridineHCI was prepared from N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-2- 
NHCH 2 -5-cyanopyridine. The product was purified by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 2 
h). 
IR 

45 1 H NMR 

FAB-MS, m/e 459.3 (MH + ) 

HRMS (FAB), m/e calcd. for C 23 H35N 6 0 4 : 459.2720 
Found: 459.2707 
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Example 67 




H02CCH2-D-Cha~Pro-2 -NHCH2 -5-amidinopiperidine • HCI 



Preparation of H0 2 CCH 2 -D-Cha-Pro-2-NHCH 2 -5-amidinopiperidineHCI. 

N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-2-NHCH 2 -5-cyanopyridine (1.2 g, 2 mmol) was elaborated by meth- 
ods substantially equivalent to those described in example 23-A, 23-B, and 1-B. The product was purified by 
RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 2 h). The fractions containing the minor product as judged 
by analytical RPHPLC were combined, partially concentrated in vacuo and lyophilized to give 93 mg (9%) of 
a pale green solid. 
IR 

1 H NMR 

IS-MS, m/e 465.5 (MH + ) 

HRMS (FAB), m/e calcd. for C 2 3H 41 N 6 0 4 : 465.3189 
Found: 465.3191 

Example 68 




H02CCH 2 -D-Cha-Pro-2-NHCH2-5-amidino-5 , 6-dehydro- 

piperidine • HCI 

(N-(carboxymethyl)-D-cyclohexylalanyl-N-[[5-(aminoiminomethyl)-1,2,3,4-tetrahydropyridin-2-yl]me- 
thyl]-L-prolinamide hydrochloride) 

Preparation of H0 2 CCH 2 -D-Cha-Pro-2-NHCH 2 -5-amidino-5,6-dehydro-piperidine HCI. 

N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-2-NHCH 2 -5-cyanopyridine (1.2 g, 2 mmol) was elaborated by meth- 
ods substantially equivalent to those described in example 23-A, 23-B, and 1-B. The product was purified by 
RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 2 h). The fractions containing the major product as judged 
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by analytical RPHPLC were combined, partially concentrated and lyophilized to give 422 mg (39%) of a white 

solid. 

IR 

1 H NMR 



5 IS-MS, m/e 463.3 (MH + ) 





Analysis for C 23 H3 8 N 6 0 4 »2.9HCk2H 2 0: 




Calc: 


C, 45.71; 


H, 7.49; 


N, 13.91; 


CI, 17.01; 


10 


Found: 


C, 45.51; 


H, 6.83; 


N, 13.66; 


CI, 16.83. 



Example 69 



20 



25 




O 



H02CCH2-D-Cha-Pro-3-NHCH2-6-amidino-pyridazine- 3HC1 

(N-(carboxymethyl)-D-cyclohexylalanyl-N-[[6-(aminoiminomethyl)pyridazin-3-yl]methyl]-L-prolinamide 
trihydrochloride 

A) Preparation of 3-methyl-6-cyanopyridazine. 

To a stirring solution of 3-methylpyridazine (11 g, 118 mmol) in dichloromethane (200 ml_) was added AICI 3 
(0.05 g) followed by t ri met hy Is i I yl cyanide (21 g, 21 1 mmol). After 20 min, a solution of p-toluenesulfonyl chloride 
(38 g, 201 mmol) in dichloromethane (50 ml_) was added via addition funnel and the solution continued to stir 
overnight. The next morning, the solvent was removed in vacuo and the residue was suspended in ethanol 
with stirring for 1 5 min and then filtered to give a white solid. The solid was dissolved in tetrahydrofuran (200 
ml_) and to this stirring solution was added 1,8-diazabicyclo[5.4.0]undec-7-ene (16 ml_, 105 mmol). After 1 h, 
the solvent was removed in vacuo and the residue was partitioned between hexanes and saturated aqueous 
NH 4 CI. The phases were separated and the aqueous phase was basified with solid Na 2 C0 3 , then extracted 
three times with ethyl acetate. The combined ethyl acetate phases were dried (MgS0 4 ), filtered and concen- 
trated in vacuo to give 9 g (64%) of white solid. 
IR 

1 H NMR 

FD-MS, m/e 119.1(M + ) 

B) Preparation of H0 2 CCH2-D-Cha-Pro-3-NHCH 2 -6-amidino-pyridazine HCI. 

By methods substantially equivalent to those described in example 66, 90 mg of H0 2 CCH 2 -D-Cha-Pro-3- 
NHCH 2 -6-amidinopyridazineHCI was prepared from 3-methyl-6-cyanopyridazine. The product was purified by 
RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 2 h). 
IR 

1H NMR 

FAB-MS, m/e 460.3 (MH + ) 
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Analysis for C22H33N 7 04»3HCU2H 2 0: 


Calc: 
Found: 


C, 43.68; 
C, 44.04; 


H, 6.66; 
H, 6.45; 


N, 16.21; 
N, 15.57. 



Example 70 




H02CCH 2 -D-Cha~Pro-4-NHCH 2 -l-amidino-3 , 4-dehydro- 
25 piperidine • HCl 

(N-(carboxymethyl)-D-cyclohexylalanyl-N-[[1-(aminoiminomethyl)-1,2,3,6-tetrahy 
thyl]-L-prolinamide hydrochloride) 

30 A) Preparation of N,N'-Boc 2 -thiourea. 

To a stirring suspension of NaH (60% oil dispersion, 9.4 g, 234 mmol) in tetrahydrofuran (500 ml_) at 0 °C 
was added thiourea (4.0 g, 52 mmol). After 30 min, the cold bath was removed and the reaction was allowed 
to stir for 30 min at room temperature. Once again, the vessel was cooled to 0 °C and a solution of di-t-butyl 
35 dicarbonate (25 g, 115 mmol) in tetrahydrofuran (100 ml_) was added via addition funnel. After stirring for 30 
min at 0 °C and an additional 2 h at room temperature, saturated aqueous NaHC0 3 was added. The solution 
was then concentrated to about half the original volume in vacuo and ethyl acetate was added. The organic 
phase was then washed with saturated aqueous NaHC0 3 , followed by brine and was then dried with MgS0 4 , 
filtered and concentrated to give 11.9 g (83%) of a white solid. 

40 IR 

1H NMR 



FD-MS, m/e 276 (M + ) 





Analysis for 


H20N2O4S: 






45 


Calc: 








C, 47.81; 


H, 7.30; 


N, 10.14; 




Found: 


C, 47.69; 


H, 7.28; 


N, 10.34. 



B) Preparation of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro^-NHCH2-1-(N,N'-Bc<i2-amidino)-3,4-dehydro-piperidine. 

To a stirring solution of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -3,4-dehydro-piperidine (0.6 g, 1 
mmol) and triethylamine (0.35 g, 3.4 mmol) in dimethylformamide (10 mL) was added N,N'-Boc 2 -thiourea (0.28 
g, 1 mmol) followed by HgCI 2 (0.28 g, 1 mmol). After 4 h, the solvent was removed in vacuo, and the residue 
was dissolved in ethyl acetate and washed twice with brine. The organic phase was then dried with MgS0 4 , 
filtered and concentrated in vacuo. The product was purified by chromatography over silica gel, eluting with 
20% ethyl acetate/hexanes through 75% ethyl acetate hexanes. The product containing fractions as judged 
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by TLC were combined and concentrated in vacuo to give 800 mg (94%) of a white foam. 
IR 

1 H NMR 

FD-MS, m/e 820 (MhT) 



Analysis for C 4 2H7 0 N 6 O 10 : 


Calc: 
Found: 


C, 61.59; 
C, 61.81; 


1-1,8.61; 
H, 8.79; 


N, 10.26; 
N, 10.45. 



C) Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH2-1-amidino-3,4-dehydro-piperidine-HCI. 

By methods substantially equivalent to those described in example 58-E, 0.22 g (55%) of H0 2 CCH 2 -D- 
Cha-Pro-4-NHCH 2 -1-amidino-3,4-dehydro-piperidine-HCI was prepared from N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha- 
Pro-4-NHCH 2 -1-(N,N'-Boc 2 -amidino)-3,4-dehydro-piperidine. The product was purified by RPHPLC method 2 
(98/2 (A/B) through 70/30 (A/B), 2 h). 
IR 

1H NMR 

FAB-MS, m/e 463.3 (MhT) 



Analysis for C 23 H 38 N 6 04-2.2HCI-2H 2 0: 


Calc: 
Found: 


C, 47.73; 
C, 47.49; 


H, 7.70; 
H, 7.64; 


N, 14.52; 
N, 14.55; 


CI, 13.47; 
CI, 13.48. 



Example 71 

30 



35 



40 




45 H02CCH 2 -D-Cha-Pro-4-NHCH2-3-F-benzamidine-HCl 

(N-(carboxymethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)-2-fluorophenyl]methyl]-L-prolinamide 
hydrochloride) 

so Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -3-F-benzamidineHCI. 

By methods substantially equivalent to those described in example 66, 0.27 g of H0 2 CCH 2 -D-Cha-Pro-4- 
NHCH 2 -3-F-benzamidineHCI was prepared from 3-F-4-Me-benzonitrile. The product was purified by RPHPLC 
method 2 (98/2 (A/B) through 70/30 (A/B), 2 h). 
55 IR 

1 H NMR 

FAB-MS, m/e 476.3 (MH + ) 
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Analysis for C24H34N5O4F.2HCI I.5H2O: 


Calc: 
Found: 


C, 50.09; 
C, 49.89; 


H, 6.83; 
H, 6.65; 


N, 12.17; 
N, 12.17; 


CI, 12.32; 
CI, 12.42. 



Example 72 



15 



20 




H02CCH 2 -D-Cha-Pro-4-NHCH 2 -3,5-F 2 -ben2amidxne-HCl 

25 

(N-(carboxymethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl-2,6-difluoroph 
mide hydrochloride) 

Preparation of H0 2 CCH2-D-Cha-Pro-4-NHCH2-3,5-F 2 -benzamidine HCI. 

30 

By methods substantially equivalent to those described in example 65, 0.28 g of H0 2 CCH 2 -D-Cha-Pro-4- 
NHCH 2 -3,5-F 2 -benzamidine-HCI was prepared from 3,5-F 2 -benzonitrile. The product was purified by RPHPLC 
method 2 (98/2 (A/B) through 70/30 (A/B), 150 min). 
IR 

35 1 H NMR 

FAB-MS, m/e 494.2 (MH + ) 



Analysis for C24H33N5O4F22HCM .5H 2 0: 


Calc: 
Found: 


C, 48.57; 
C, 48.26; 


H, 6.45; 
H, 6.17; 


N, 11.80; 
N, 11.89; 


CI, 11.95; 
CI, 11.90. 
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Example 73 



5 



10 




0 



H02CCH 2 -D-Cha-Pro-4-NHCH 2 -2 -aminopyridine -HC1 
A) Preparation of 4-methyl-2-phthalimidopyridine. 

20 

To a stirring solution of 4-methyl-2-aminopyridine (50 g, 460 mmol) in acetic acid (1 L) was added phthalic 
anhydride (68 g, 460 mmol) and the reaction was heated to reflux. After 12 h, acetic anhydride (43 ml_, 460 
mmol) was added and the solution continued to stir at reflux for an additional 48 h. The solvent was then re- 
moved in vacuo and the solid residue was suspended in toluene and concentrated in vacuo twice. The solid 
25 was then suspended in ethyl acetate with vigorous stirring and filtered. After repeating this ethyl acetate wash- 
ing procedure the solid was dried overnight in vacuo to give 46.6 g (42%) of a white solid. 
IR 

1 H NMR 

FD-MS, m/e 238 (M + ) 



Analysis for C 14 H 10 N 2 O 2 : 


Calc: 
Found: 


C, 70.58; 
C, 70.42; 


H, 4.23; 
H,4.29; 


N, 11.76; 
N, 11.70. 



B) Preparation of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH2-2-phthalimidopyridine. 

By methods substantially equivalent to those described in example 64-A, 23-A and 1-G (using N-(t- 
Bu0 2 CCH 2 )-N-Boc-D-Cha-ProOH), 2.4 g of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -2-phthalimidoopyr- 
idine was prepared from 4-methyl-2-phthalimidopyridine. 
IR 

1 H NMR 

FD-MS, m/e 717.7 (M + ) 

C) Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -2-aminopyridine HCI. 

To a stirring solution of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-Pro-4-NHCH 2 -2-phthalimidoopyridine (1.6 g, 2.2 
mmol) in ethanol (25 ml_) was added hydrazine hydrate (0.52 ml_, 10.4 mmol). After 1 h, the solvents were 
removed in vacuo and the residue was dissolved in ethyl acetate and concentrated in vacuo twice. The residue 
was elaborated by a procedure substantially equivalent to that described in example 58-E to give 380 mg (37%) 
of a white solid. The product was purified by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 150 min). 
IR 

1H NMR 

FAB-MS, m/e 432.3 (MH + ) 
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Analysis for C 22 H33N 5 0 4 »2.1 HCUH 2 0: 


Calc: 
Found: 


C, 50.23; 
C, 50.05; 


H, 7.11; 
H, 7.08; 


N, 13.31; 
N, 13.54. 



Example 74 




O 

H02CCH2-D-Cha-Pro-5-NHCH2-2-aminopyridine- HCl 

Preparation of H0 2 CCH 2 -D-Cha-Pro-5-NHCH2-2-aminopyridine HCI. 

By methods substantially equivalent to those described in example 73, 0.88 g of H0 2 CCH 2 -D-Cha-Pro-5- 
NHCH 2 -2-aminopyridine HCI was prepared from 5-methyl-2-aminopyridine. The product was purified by 
RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B), 150 min). 
IR 

1 H NMR 

FAB-MS, m/e 432.3(MH + ) 



Analysis for C 22 H3 3 N 5 04»2 HCl #1-^0: 


Calc: 
Found: 


C, 50.58; 
C, 50.79; 


H.7.14; 
H, 7.20; 


N, 13.40; 
N, 13.58. 



Example 75 




HO2CCH2 -D-Cha-Pro - 5 -NHCH2CH2 -2 -aminopyridine • HCl 
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A) Preparation of 5- Me-2-Boc 2 N- pyridine. 

To a stirring solution of 5-methyl-2-aminopyridine (10.5 g, 100 mmol) in dichloromethane (200 ml_) at 0 °C 
was added N,N-diisopropylethylamine (25.8 g, 200 mmol), followed by di-t-butyl dicarbonate (55 g, 250 mmol) 

5 and finally 4-(N,N-dimethylamino)pyridine (12.2 g, 100 mmol). The cold bath was removed and the solution 
was allowed to continue stirring overnight. The mixture was then diluted with ethyl acetate (600 ml_) and wash- 
ed three times with saturated aqueous NH 4 CI, once with brine, twice with saturated aqueous NaHC0 3 , and 
once again with brine. The organic phase was then dried (MgS0 4 ), filtered, concentrated in vacuo and chro- 
matographed over silica gel eluting with 10% ethyl acetate/hexanes through 75% ethyl acetate/hexanes. The 

10 fractions containing product, as judged by TLC, were combined and concentrated in vacuo to give 1 2.8 g (42%) 
of a white solid. 
IR 

1 H NMR 

FD-MS, m/e 308 (M + ) 



Analysis for C 16 H24N 2 0 4 : 


Calc: 
Found: 


C, 62.32; 
C, 62.51; 


H, 7.84; 
H, 8.11; 


N, 9.08; 
N, 9.37. 



B) Preparation of 5-BrCH 2 -2-Boc 2 N-pyridine. 

By methods substantially equivalent to those described in example 64-A, approximately 1 1 .6 g of 5-BrCH 2 - 
2-Boc 2 N-pyridine (which was contaminated with starting material) was prepared from 5-Me-2-Boc 2 N-pyridine. 
1 H NMR 

FD-MS, m/e 386.3 (M + ) 



30 



Analysis for C 16 H 2 3N 2 0 4 Br: 


Calc: 
Found: 


C, 49.62; 
C, 49.86; 


H, 5.99; 
H.6.00; 


N, 7.23; 
N, 7.07. 



35 

C) Preparation of 5- NCCH 2 -2-Boc 2 N- pyridine. 

To a stirring solution of slightly impure 5-BrCH 2 -2-Boc 2 N-pyridine (9.7 g, 25 mmol) in dimethylformamide 
(150 ml_) was added 18-crown-6 (1.32 g, 5 mmol) followed by KCN (1.95 g, 30 mmol). After stirring for 6 h, the 
40 solvent was removed in vacuo and the residue was chromatographed over silica gel, eluting with a step gradient 
of hexanes through 40% ethyl acetate/hexanes. The product containing fractions as judged by TLC, were com- 
bined and concentrated in vacuo to give a 2.6 g (31% over 2 steps) of a white solid. 
IR 

1H NMR 
45 FD-MS, m/e 333.4 (M + ) 



Analysis for C 17 H 23 N 3 0 4 : 


Calc: 
Found: 


C, 61.25; 
C, 61.09; 


H, 6.95; 
H, 6.92; 


N, 12.60; 
N, 12.53. 



D) Preparation of H0 2 CCH 2 -D-Cha-Pro-5-NHCH 2 CH 2 -2-aminopyridine HCI. 

To a stirring solution of 5- NCCH 2 -2-Boc 2 N- pyridine (2.5 g, 7.5 mmol) in methanol (150 ml_) was added 
CoCI 2 (0.97 g, 7.5 mmol) and water (0.81 g, 45 mmol). After 5 min, NaBH 4 (2.84 g, 75 mmol) was added in 
small portions over 15 min. After an additional 15 min, the solvent was removed in vacuo and the residue was 
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dissolved in concentrated aqueous NH 4 OH and extracted several times with ethyl acetate. The combined ethyl 
acetate extracts were dried with MgS0 4 , filtered and concentrated in vacuo. 

Then, by methods substantially equivalent to those described in example 1-Aand 73-C, the residue was 
elaborated to give 1.2 g (33%) of H0 2 CCH2-D-Cha-Pro-5-NHCH 2 CH2-2-aminopyridine HCI. The product was 
5 purified by RPHPLC method 2 (98/2 (A/B) through 60/40 (A/B), 150 min). 
IR 

1H NMR 

FAB-MS, m/e 446.3 (MH + ) 
HRMS (FAB) calc. for C23H36N5O4: 446.2767 
10 Found: 446.2769 

Example 76 



15 



20 




H02CCH 2 -D-Cha-Pro-4-NHCH 2 CH2-2-aminopyridine -HCI 



30 A) Preparation of 4-BocNHCH 2 CH 2 -2-CN-pyridine. 

To a solution of 4- BocNHCH 2 CH 2 - pyridine (2.22 g, 10 mmol) in acetone (50 ml_) was added a solution of 
m-chloroperbenzoic acid (5.2 g, 30 mmol) in acetone (50 ml_) via an addition funnel over 10 min. After stirring 
overnight, the solvent was removed in vacuo and the residue was partitioned between water (100 ml_) and 
35 diethyl ether (1 00 ml_). The organic phase was separated and extracted three times with water. The combined 
aqueous phase was then saturated with solid NaCI and extracted three times with dichloromethane (100 ml_). 
The combined dichloromethane extracts were washed once with brine, dried with Na 2 S0 4 , filtered and con- 
centrated to a small volume in vacuo and then diethyl ether was added. The white precipitate (2.0 g) was filtered 
and dried in vacuo. 

40 One half of the isolated solid (4.2 mmol) was dissolved in dichloromethane (10 ml_) and to this stirring sol- 

ution was added trimethylsilyl cyanide (0.84 ml_, 6.3 mmol) followed by N,N-dimethylcarbamoyl chloride (0.58 
ml_, 6.3 mmol). After stirring overnight, 1 Maq.KHC0 3 (1 ml_) was added slowly and the mixture was partitioned 
between ethyl acetate and water. The organic phase was then washed twice with brine, dried with MgS0 4 , 
filtered and concentraed in vacuo to give 0.6 g (58%) of an amber oil which crystalized uopn standing. 

45 |R 

1H NMR 

FD-MS, m/e 247 (M + ) 



Analysis for C 13 H 17 N 3 0 2 : 


Calc: 
Found: 


C, 63.31; 
C, 63.31; 


H, 7.02; 
H, 7.02; 


N, 16.99; 
N, 16.71. 



B) Preparation of 4- BocNHCH 2 CH 2 -2-CbzNH- pyridine. 

To a stirring solution of 4-BocNHCH 2 CH 2 -2-CN-pyridine (0.5 g, 2 mmol) in methanol (2.4 ml_), was added 
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5 N NaOH (1 .6 ml_, 8 mmol) and the solution was heated to reflux. After 24 h, the solution was cooled to room 
temperature and allowed to stir for an additional 48 h. The pH was then adjusted to 7 with 1 N HCI and the 
solvents were removed in vacuo. 

The residue was suspended in toluene (50 mL) and heated to reflux. To this stirring solution was sequen- 

5 tially added, triethylamine (0.36 mL, 2.6 mmol), benzyl alcohol (0.27 mL, 2.6 mmol) and diphenylphosphoryl 
azide (0.72 g, 2.6 mmol). After stirring at reflux overnight, the solution was allowed to cool and then diluted 
with ethyl acetate (200 mL) and washed twice with saturated aqueous NH 4 CI and twice with brine. The organic 
phase was then dried with MgS0 4 , filtered and concentrated in vacuo. The residue was then chromatographed 
over silica gel eluting with a step gradient of hexanes through 50% ethyl acetate/hexanes. The product con- 

10 taining fractions as determined by TLC were combined and concentrated in vacuo to give 0.37 g (50%) of a 
white solid. 
1 H NMR 

FD-MS, m/e 371.2 (M + ) 



Analysis for C20H25N3O4: 


Calc: 
Found: 


C, 64.67; 
C, 64.90; 


H, 6.78; 
H, 7.07; 


N, 11.31; 
N, 11.06. 



20 

C) Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 CH 2 -2-aminopyridineHCI. 



By methods substantially equivalent to those described in example 23-A, 1-G (using N-(t-Bu0 2 CCH 2 )-N- 
Boc-D-Cha-ProOH), 23-D and 58-E, 48 mg of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 CH 2 -2-aminopyridineHCI was 
prepared from 4-BocNHCH 2 CH 2 -2-CbzNH-pyridine. The product was purified by RPHPLC method 2 (98/2 
(A/B) through 70/30 (A/B), 1 50 min). 
1 H NMR 

FAB-MS, m/e 446.4 (MH + ) 



Analysis for C^h^NsO^I .5HCkH 2 0: 


Calc: 
Found: 


C, 53.30; 
C, 53.64; 


H, 7.49; 
H, 7.27; 


N, 13.51; 
N, 13.80. 



Example 77 




55 Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 -2-F-aniline HCI. 



By methods substantially equivalent to those described in example 64, 0.55 g of H0 2 CCH 2 -D-Cha-Pro-4- 
NHCH 2 -2-F-aniline-HCI was prepared from 3-F-4-N0 2 -toluene. The product was purified by RPHPLC method 
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2 (98/2 (A/B) through 60/40 (A/B), 180 min). 
IR 

1 H NMR 

FAB-MS, m/e 449.3 (MhT) 



5 


Analysis for C 23 


H 33 N 4 O 4 F»0.9HCkH 2 O: 








Calc: 


C, 55.32; 


H, 7.25; 


N, 11.22; 


CI, 6.39; 




Found: 


C, 55.49; 


H, 6.93; 


N, 11.15; 


CI, 6.23. 



Example 78 




H02CCH2-D-Cha-Pro-4-KHCH2C6H4CH 2 NH2 • HC1 

Preparation of H0 2 CCH 2 -D-Cha-Pro-4-NHCH2C 6 H4CH2NH 2 HCI. 

By methods substantially equivalent to those described in example 10, using N-(t-Bu0 2 CCH 2 )-N-Boc-D- 
Cha-ProOH in place of Boc-D-Phe-ProOH, 0.53 g of H0 2 CCH 2 -D-Cha-Pro-4-NHCH 2 C 6 H 4 CH 2 NH 2 .HCI was 
prepared. The product was purified by RPHPLC method 2 (98/2 (A/B) through 70/30 (A/B) 150 min). 
IR 

1H NMR 

FD-MS, m/e 445.4 (MH + ) 



Analysis for C 24 H3 6 N 4 O4»2.2HCk0.5H 2 O: 


Calc: 
Found: 


C, 54.00; 
C, 54.18; 


H, 7.40; 
H, 7.54; 


N, 10.50; 
N, 10.31; 


CI, 14.61; 
CI, 14.86. 
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Example 79 



5 



10 




H02CCH 2 -D-Cha-Pro- 4 -NHCH 2 C 6 HioCH 2 NH 2 • HCl 
Preparation of HO2CCH2-D-Cha-Pro-4-NHCH2C 6 H 10 CH2NH2 HCI. 

20 

By methods substantially equivalent to those described in example 12, using N-(t-Bu0 2 CCH 2 )-N-Boc-D- 
Cha-ProOH in place of Boc-D-Phe-ProOH, 0.04 g of HO2CCH2-D-Cha-Pro-4-NHCH2C 6 H 10 CH2NH2 HCI was 
prepared. The product was purified by RPHPLC method 2 (98/2(A/B) through 70/30 (A/B), 150 min.). 
1H NMR 
25 FD-MS, m/e 451 (MhT) 



Analysis for C 2 4H42N4O4»2.7HCk0.5H 2 O: 


Calc: 
Found: 


C, 51.65; 
C, 51.47; 


H, 8.25; 
H, 7.87; 


N, 10.04; 
N, 9.97. 



Example 80 



40 




45 EtS02-D-Cha-Pro-4-NHCH 2 C 6 H 4 C (NH)NH 2 - HCl 

(N-(ethylsulfonyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide hydro- 
chloride) 

50 Preparation of EtS02-D-Cha-Pro-4-NHCH 2 C 6 H 4 C(NH)NH 2 .HCI. 

By methods substantially equivalent to those described in example 18, using EtS0 2 -D-Cha-ProOH in place 

of Cbz-D-1-Piq-ProOH, 3.6 g of EtS02-D-Cha-Pro-4-NHCH 2 C 6 H 4 C(NH)NH2-HCI was prepared. The product 

was purified by RPHPLC method 2, (90/10 (A/B) through 50/50 (A/B), 180 min). 
55 |R 

1 H NMR 

FAB-MS, m/e 492.3 (MhT) 
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Analysis for Cs^syNgCXiS^HCI: 


Calc: 
Found: 


C, 54.58; 
C, 54.31; 


H, 7.25; 
H, 7.31; 


N, 13.26; 
N, 13.37; 


CI, 6.71; 
CI, 6.71. 



Example 81 



15 




o 

20 EtS0 2 -D-Cha-Pro-4-NHCH2C6H4CH 2 NH2 -HC1 

Preparation of EtS0 2 -D-Cha-Pro-4-NHCH 2 C 6 H 4 CH 2 NH 2 -HCI. 

25 By methods substantially equivalent to those described in example 10, using EtS0 2 -D-Cha-ProOH in place 

of Boc-D-Phe-ProOH, EtS0 2 -D-Cha-Pro-4-NHCH2C 6 H4CH 2 NH 2 HCI was prepared. The product was purified 
by RPHPLC method 2, (90/10 (A/B) through 50/50 (A/B), 180 min). 
IR 

1 H NMR 
30 FAB-MS, m/e 479.4 (MhT) 



Analysis for C 2 4H 38 N40 4 S«HCkH 2 0: 


Calc: 
Found: 


C, 54.07; 
C, 54.13; 


H, 7.75; 
H, 7.44; 


N, 10.51; 
N, 10.51; 


CI, 6.65; 
CI, 6.78. 



Example 82 



45 




EtS02-D-Cha-Pro-4-NHCH 2 -3-F-C 6 H 3 NH2 -HC1 

Preparation of EtS0 2 -D-Cha-Pro-4-NHCH 2 -3-F-C 6 H 3 NH 2 -HCI. 

By methods substantially equivalent to those described in example 64, using EtS0 2 -D-Cha-ProOH in place 
of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-ProOH, 0.53 g of EtS0 2 -D-Cha-Pro-4-NHCH 2 -3-F-C 6 H 3 NH 2 HCI was pre- 
pared. The product was purified by RPHPLC method 2, (90/10 (A/B) through 50/50 (A/B), 180 min). 
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IR 

1 H NMR 

FAB-MS, m/e 483.3 (MH + ) 



Analysis for C^gN^SF^I.IHCkO.SHzO: 


Calc: 
Found: 


C, 51.95; 
C, 52.09; 


H, 7.03; 
H, 6.94; 


N, 10.54; 
N, 10.39; 


CI, 7.33; 
CI, 7.24. 



Example 83 




EtS0 2 -D-Cha-Pro-4-NHCH 2 -2-aminopyridine-HCl 

Preparation of EtS0 2 -D-Cha-Pro-4-NHCH 2 -2-aminopyridine-HCI. 

By methods substantially equivalent to those described in example 73, using EtS0 2 -D-Cha-ProOH in place 
of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-ProOH, 0.22 g of EtS0 2 -D-Cha-Pro-4-NHCH 2 -2-aminopyridineHCI was 
prepared from 4-methyl-2-aminopyridine. The product was purified by RPHPLC method 2, (90/10 (A/B) 
through 50/50 (A/B), 180 min.). 
1 H NMR 

FAB-MS, m/e 466.4 (MhT) 



Analysis for C 22 H3 5 N50 4 S«1 .1 HCI: 


Calc: 
Found: 


C, 52.25; 
C, 52.49; 


H, 7.19; 
H, 6.96; 


N, 13.85; 
N, 13.96; 


CI, 7.71; 
CI, 7.76. 



Example 84 




• HCI 



EtS0 2 -D-Cha-Pro-5-r\rHCH 2 -2-aminopyridine -HCl 
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Preparation of EtS0 2 -D-Cha-Pro-5-NHCH 2 -2-aminopyridineHCI. 

By methods substantially equivalent to those described in example 73, using EtS0 2 -D-Cha-ProOH in place 
of N-(t-Bu0 2 CCH 2 )-N-Boc-D-Cha-ProOH, 0.24 g of EtS0 2 -D-Cha-Pro-5-NHCH 2 -2-aminopyridineHCI was 
prepared from 5-methyl-2-aminopyridine. The product was purified by RPHPLC method 2, (90/10 (A/B) 
through 50/50 (A/B), 180 min). 
1H NMR 

FAB-MS, m/e 466.4 (MH + ) 



Analysis for C 22 H3 5 N 5 0 4 S»1.15HCI: 


Calc: 
Found: 


C, 52.06; 
C, 52.38; 


H, 7.18; 
H, 6.97; 


N, 13.80; 
N, 14.20; 


CI, 8.03; 
CI, 8.46. 



Example 85 




HOOCCH2CH2CH2-D-Cha-Pro-p-NHCH2C6H4C ( NH ) NH 2 * HC 1 

(N-(3-carboxypropyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide hy- 
drochloride) 

A) Preparation of Cbz-MeOOCCH=CHCH 2 -D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz 

To a solution of D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz 2HCI (2.5 g, 4.1 mmol) in DMF (50 mL) was added 
N,N-diisopropylethylamine (2.2 mL, 12.2 mmol) and methyl 3-bromocrotonate (0.95 g, 4.5 mmol). After stirring 
for 48 h, Cbz-CI (0.7 mL, 5 mmol) and additional N,N-diisopropylethylamine (0.85 mL, 5 mmol) were added. 
After an additional 16 h of stirring, the volatiles were removed in vacuo. The residue was partitioned between 
ethyl acetate (100 mL) and saturated aqueous ammonium chloride (100 mL). The layers were separated and 
the organic phase was washed once with saturated aqueous ammonium chloride (50 mL), twice with saturated 
aqueous sodium bicarbonate (50 mL) and twice with brine (50 mL). The organic phase was dried (MgS0 4 ), 
filtered, and concentrated in vacuo. The crude residue was purified by flash chromatography (ethyl acet- 
ate/hexanes gradient) to yield 660 mg (22%) of a white foam. 
1H NMR 

FD-MS, m/e 766 (M + ) 



Analysis for C 4 3H 51 N 5 08: 


Calc: 
Found: 


C, 67.43; 
C, 67.22; 


H,6.71; 
H, 6.57; 


N, 9.14; 
N, 8.98. 
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B) Preparation of HOOCCH 2 CH 2 CH 2 -D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NH2-HCI 

To a solution of Cbz-MeOOCCH=CHCH 2 -D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz (0.5 g, 0.65 mmol) in 
ethanol (5 ml_) was added 1 N sodium hydroxide (0.65 ml_). After stirring for 5 h at room temperature, 1 N HCI 

5 (3mL),1 0% Pd/C (0.5 g), H 2 0 (15 ml_) and ethanol (25 ml_) were added. The stirring suspension was degassed 
under vacuum, then placed under an atmosphere of hydrogen for 18 h. Diatomaceous earth was added and 
the slurry was filtered. The filtrate was concentrated in vacuo and purified by RPHPLC (method 2, 98/2 (A/B), 
ramp to 75/25 (A/B) over 150 minutes). Fractions containing pure product were pooled and lyophilized to give 
46 mg(13%). 

10 1 H NMR 



FAB-MS, m/e 486.3 (MH + ) 





Analysis for C 26 


H39N5O42.IHCI: 






15 


Calc: 


C, 55.15; 


H, 7.35; 


N, 12.19; 


CI, 13.24; 




Found: 


C, 55.55; 


H, 7.37; 


N, 12.19; 


CI, 13.58. 



Example 86 
20 



25 



30 




HOOCCH2-D-Chg-Pro-p-NHCH2C6H4C ( NH ) NH2 * HC 1 

35 

(N-(carboxymethyl)-D-cyclohexylglycyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide hydro- 
chloride) 

A) Preparation of D-cyclohexylglycine 

40 

By a method substantially equivalent to that described in Example 53-B, 16.1 g (16%) of D-cyclohexylgly- 
cine was prepared starting from D-phenylglycine. 
1 H NMR 

FD-MS, m/e 117 (M + ) 





Analysis for C 8 H 15 N0 2 : 




Calc: 


C, 61.12; 


H, 9.62; 


N, 8.91; 


50 


Found: 


C, 61.23; 


H, 9.56; 


N, 8.73. 



B) Preparation of Boc- D-cyclohexylglycine 

55 By a method substantially equivalent to that described in Example 17-A (using di-tert-butyl dicarbonate), 

22 g (90%) of Boc-D-cyclohexylglycine was prepared. 
1 H NMR 

FD-MS, m/e 258 (M + ) 
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Analysis for C 13 H 2 3N0 4 : 


Calc: 
Found: 


C, 60.68; 
C, 60.91; 


H,9.01; 
H, 9.18; 


N, 5.44; 
N, 5.38. 



C) Preparation of Boc-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz 

10 By a method substantially equivalent to that described in Example 1-G, 20.5 g (76%) of Boc-Pro-p- 

NHCH 2 C 6 H 4 C(NH)NHCbz was prepared from Boc-Pro-OH and NH 2 CH 2 C 6 H 4 C(NH)NHCbz.2HCI. 
1 H NMR 

FD-MS, m/e 481 (M + ) 



Analysis for C 26 H 32 N 4 0 5 : 


Calc: 
Found: 


C, 64.98; 
C, 64.76; 


1-1,6.71; 
H, 6.78; 


N, 11.66; 
N, 11.62. 



20 

D) Preparation of Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz-2HCI 



By a method substantially equivalent to that described in Example 23-A, 18.4 g (100%) of Pro-p- 
NHCH 2 C 6 H 4 C(NH)NHCbz.2HCI was prepared. 
1 H NMR 

FD-MS, m/e 381 (M + ) 



Analysis for C 21 H 26 N 4 0 3 CI 2 : 


Calc: 
Found: 


C, 55.63; 
C, 54.19; 


H 5.78; 
H, 6.27; 


N, 12.36; 
N, 12.15. 



35 E) Preparation of Boc-D-Chg-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz 

By a method substantially equivalent to that described in Example 1-G, 3.6 g (97%) of Boc-D-Chg-Pro-p- 
NHCH 2 C 6 H 4 C(NH)NHCbz were prepared. 
1 H NMR 
40 FD-MS, m/e 619 (M + ) 



Analysis for C^H^NsOe: 


Calc: 
Found: 


C, 65.89; 
C, 67.59; 


H, 7.32; 
H, 8.07; 


N, 11.30; 
N, 10.99. 



F) Preparation of Cbz-t-BuOOCCH 2 -D-Chg-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz 

By methods substantially equivalent to those described in Examples 23-Aand 85-A (using t-butyl bromoa- 
cetate and benzyl chloroformate), 1.6 g (45%) of N-Cbz-N-(t-BuOOCCH 2 )-D-Chg-Pro-p-NHCH 2 C 6 H 4 C(NH) 
NHCbz were prepared. 
1H NMR 

FD-MS, m/e 769 (M + ) 
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Analysis for C 4 3H53N 5 0 8 : 


Calc: 
Found: 


C, 67.26; 
C, 67.50; 


H, 6.96; 
H, 6.97; 


N, 9.12; 
N, 9.11. 



G) Preparation of HOOCCH 2 -D-Chg-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI 

10 By methods substantially equivalent to those described in Examples 23-A (using dioxane as solvent) and 

18-F, 411 mg (61%) of HOOCCH 2 -D-Chg-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 .HCI were prepared. 
1 H NMR 

FAB-MS, m/e 444.3 (MH + ) 



Analysis for C23H33N5CV2.5HCI: 


Calc: 
Found: 


C, 51.67; 
C, 51.84; 


H, 6.69; 
H, 6.50; 


N, 13.10; 
N, 13.15. 



20 

Example 87 




O 



HOOCCH2-D-hPhe-Pro-p-NHCH2C6H4C (NH) NH2 • HC1 

(N-(carboxymethyl)-D-homophenylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide hy- 
drochloride) 

40 

A) Preparation of HOOCCH 2 -D-hPhe-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI 

By methods substantially equivalent to those described in Example 86, 335 mg of HOOCCH 2 -D-hPhe-Pro- 
p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI were prepared starting from Boc-D-hPhe-OH. 
45 1 H NMR 

FAB-MS, m/e 466.3 (MH + ) 





Analysis for C 25 


H 31 N 5 0 4 2.1HCIH 2 0: 






50 


Calc: 


C, 53.61; 


H, 6.32; 


N, 12.50; 


CI, 13.29; 




Found: 


C, 53.58; 


H, 6.08; 


N, 12.59; 


CI, 13.67. 
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Example 88 




HOOCCH2-D-hCha-Pro-p-NHCH2C6H4C (NH) NH2 -HCl 

(N-(carboxymethyl)-D-homocyclohexylalanyl-N-[[4-(aminoiminomethyl)phen 
hydrochloride) 

A) Preparation of Boc-D-hCha-OH 

By a method substantially equivalent to that described in Example 53-D, 5.1 g (100%) of Boc-D-hCha-OH 
was prepared from Boc-D-hPhe-OH. 
1 H NMR 

FD-MS, m/e 240 (M + ) 



Analysis for C 15 H 2 7N0 4 : 


Calc: 
Found: 


C, 63.13; 
C, 63.38; 


H, 9.54; 
H, 9.39; 


N, 4.91; 
N, 5.12. 



B) Preparation of HOOCCH 2 -D-hCha-Pro-p-NHCH 2 C 6 H4C(NH)NH 2 HCI 

By methods substantially equivalent to those described in Example 86, 1 35 mg of HOOCCH 2 -D-hCha-Pro- 
p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI were prepared. 
1 H NMR 

FAB-MS, m/e 472.3 (MH + ) 



Analysis for C25H37N5O4-2.2HCI O.5H2O: 


Calc: 
Found: 


C, 53.54; 
C, 53.29; 


H, 7.22; 
H, 7.01; 


N, 12.49; 
N, 12.46; 


CI, 13.91; 
CI, 14.30. 
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Example 89 




o 



HOOCCH2-Gly-N-C6H5CH2CH2Gly-p-NHCH2C6H4C ( NH ) NH2 • HC 1 

A) Preparation of HOOCCH 2 -Gly-N-C 6 H5CH2CH 2 Gly-p-NHCH 2 C 6 H4C(NH)NH 2 HCI 

By methods substantially equivalent to those described in Examples 1-G, 1-D, 1-G, 23-A, 85-A, and 18 
F, 365 mg of N-HOOCCH 2 -Gly-N-C 6 H 5 CH 2 CH 2 -Gly-p-NHCH 2 C 6 H 4 C(NH)NH 2 .HCI were prepared. 
1 H NMR 

FAB-MS, m/e 426.2 (MH + ) 



Analysis for C 22 H 27 N 5 0 4 *2.2HCM.5H 2 0: 


Calc: 
Found: 


C, 49.60; 
C, 49.79; 


H, 6.09; 
H, 5.71; 


N, 13.15; 
N, 13.31; 


CI, 14.64; 
CI, 14.49. 



Example 90 




o 



(C2H5) 2CHCO-Glu-Pro-p-NHCH2C6H4C ( NH) NH2 • HC1 

A) Preparation of Boc-(y-OBn)-Glu-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz 

By a method substantially equivalent to that described in Example 1-G, 2.7 g (64%) of Boc-(y-OBn)-Glu 
Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz were prepared starting from Boc-(y-OBn)-Glu-OH and Pro-p 
NHCH 2 C 6 H 4 C(NH)NHCbz-2HCI. 
1H NMR 

FD-MS, m/e 700 (M + ) 
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Analysis for C 38 H45N 5 0 8 : 


Calc: 
Found: 


C, 65.22; 
C, 65.00; 


H, 6.48; 
H, 6.56; 


N, 10.01; 
N, 10.06. 



B) Preparation of (y-OBn)-Glu-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz-2HCI 

10 By a method substantially equivalent to that described in Example 23-A, 2.38 g (98%) of (y-OBn)-Glu-Pro- 

p-NHCH 2 C 6 H 4 C(NH)NHCbz 2HCI were prepared. 
1 H NMR 

FD-MS, m/e 600 (M + ) 

Analysis for C3 3H3 9N5O6CI2 : 

15 

Calc: C, 58.93; H, 5.84; N, 10.41; 

Found: C, 58.64; H, 6.00; N, 10.63. 

20 

C) Preparation of (C 2 H 5 ) 2 CHCO-(y-OBn)-Glu-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz 

To a stirring mixture of (y-OBn)-Glu-Pro-p-NHCH 2 C 6 H 4 C(NH)NHCbz-2HCI (1 .3 g, 2 mmol) in THF/H 2 0 (50 
mLeach) was added K 2 C0 3 (1.38 g, 10 mmol) and 2-ethylbutyryl chloride (0.3 g, 2.2 mmol). After stirring 10 
25 min, volatiles were removed in vacuo. The resulting residue was partitioned between water and ethyl acetate 
(1 00 ml_ each). Layers were separated and the organic phase was washed twice with each saturated aqueous 
ammonium chloride and brine, dried (MgS0 4 ), filtered and concentrated in vacuo to give 1.45 g (100%). 
1H NMR 

FD-MS, m/e 698 (M + ) 



30 


Analysis for C 39 


H 47 N 5 0 7 : 








Calc: 


C, 67.13; 


H, 6.79; 


N, 10.04; 




Found: 


C, 67.11; 


H, 6.70; 


N, 9.74. 



35 



D) Preparation of (C 2 H 5 ) 2 CHCO-Glu-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI 

By a method substantially equivalent to that described in example 18-F, 425 mg (47%) of (C 2 H 5 ) 2 CHCO- 
Glu-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI were prepared. HPLC Method 2 (Ramp 98/2 A/B to 75/25 A/B over 150 
min) was used to purify the product. 
1 H NMR 

FAB-MS, m/e 474.3 (MH + ) 



45 


Analysis for C 24 


H35N5O5-l.5HCM.IH2O: 








Calc: 


C, 51.10; 


H, 6.91; 


N, 12.41; 


CI, 9.43; 




Found: 


C, 51.10; 


H, 6.81; 


N, 12.41; 


CI, 9.62. 



50 



55 
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Example 91 



o=s=o 




O 

(C2H5) 2CHCO-Met (02 ) -Pro-p-NHCH2C6H4C (NH) NH2 • HCl 

A) Preparation of (C 2 H5) 2 CHCO-Met(0 2 )-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI 

By methods substantially equivalent to those described in Example 90, 530 mg of (C 2 H 5 ) 2 CHCO-Met(0 2 )- 
Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI were prepared. 
1 H NMR 

FAB-MS, m/e 508.2 (MH + ) 



Analysis for C24H37N5O5S LIHCI: 


Calc: 
Found: 


C, 52.63; 
C, 52.42; 


H, 7.01; 
H, 7.03; 


N, 12.79; 
N, 12.80; 


CI, 7.12; 
CI, 6.99. 



Example 92 




O 

MeSC2CH2CO-D-Cha-Pro-p-NHCH2C6H4C (NH) NH2 * HCl 



(N-(methylsulfonylacetyl)-L-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide 
hydrochloride) 

Preparation of MeS0 2 CH 2 CO-D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI 

By methods substantially equivalent those described in Examples 1-Gand 18-F, 550 mg of MeS0 2 CH 2 CO- 
D-Cha-Pro-p-NHCH 2 C 6 H 4 C(NH)NH 2 HCI were prepared. 
1 H NMR 

FAB-MS, m/e 520.5 (MH + ) 
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Analysis for C25H37N5O5S I.2HCI H2O: 


Calc: 
Found: 


C, 51.64; 
C, 51.58; 


H, 6.97; 
H, 6.84; 


N, 12.04; 
N, 12.18; 


CI, 7.32; 
CI, 7.61. 



The compounds of the invention are believed to selectively inhibit thrombin over other proteinases and non- 
enzyme proteins involved in blood coagulation without appreciable interference with the body's natural clot lys- 
ing ability (the compounds have a low inhibitory effect on fibrinolysis). Further, such selectivity is believed to 
10 permit use with thrombolytic agents without substantial interference with thrombolysis and fibrinolysis. Further, 
the compounds of the present invention are believed to be orally active. 

The invention in one of its aspects provides a method of inhibiting thrombin in mammals comprising ad- 
ministering to a mammal in need of treatment an effective (thrombin inhibiting) dose of a compound of Formula 
I. 

15 The thrombin inhibition contemplated by the present method includes both medical therapeutic and/or pro- 

phylactic treatment as appropriate. 

In a further embodiment the invention relates to treatment, in a human or animal, of conditions where in- 
hibition of thrombin is required. The compounds of the invention are expected to be useful in animals, including 
man, in treatment or prophylaxis of thrombosis and hypercoagulability in blood and tissues. Disease states in 

20 which the compounds have a potential utility are in treatment or prophylaxis of thrombosis and hypercoagul- 
ability in blood and tissues. Disease states in which the compounds have a potential utility, in treatment and/or 
prophylaxis, include venous thrombosis and pulmonary embolism, arterial thrombosis, such as in myocardial 
ischemia, myocardial infarction, unstable angina, thrombosis-based stroke and peripheral arterial thrombosis. 
Further, the compounds have expected utility in prophylaxis of atherosclerotic diseases such as coronary ar- 

25 terial disease, cerebral arterial disease and peripheral arterial disease. Further, the compounds are expected 
to be useful together with thrombolytics in myocardial infarction. Further, the compounds have expected utility 
in the treatment or prophylaxis for reocclusion after thrombolysis, percutaneous transluminal angioplasty 
(PTCA) and coronary bypass operations. Further, the compounds have expected utility in prevention of re- 
thrombosis after microsurgery. Further, the compounds are expected to be useful in anticoagulant treatment 

30 in connection with artificial organs and cardiac valves. Further, the compounds have expected utility in anti- 
coagulant treatment in hemodialysis and disseminated intravascular coagulation. A further expected utility is 
in rinsing of catheters and mechanical devices used in patients in vivo, and as an anticoagulant for preservation 
of blood, plasma and other blood products in vitro. Still further, the compounds have expected utility in other 
diseases where blood coagulation could be a fundamental contributing process or a source of secondary path- 

35 ology, such as cancer, including metastasis, and inflammatory diseases, including arthritis and diabetes. The 
anti-coagulant compound is administered orally, or parenterally, e.g., by intravenous infusion (iv), intramus- 
cular injection (im) or subcutaneous injection (sc). 

The specific dose of a compound administered according to this invention to obtain therapeutic and/or pro- 
phylactic effects will, of course, be determined by the particular circumstances surrounding the case, including, 

40 for example, the compound administered, the rate of administration, and the condition being treated. 

Atypical daily dose for each of the above utilities is between about 0.01 mg/kg and about 1000 mg/kg. 
The dose regime may vary, e.g., for prophylactic use a single daily dose may be administered or multiple doses 
such as 3 or 5 times daily may be appropriate. In critical care situations a compound of the invention is ad- 
ministered by iv infusion at a rate between about 0.01 mg/kg/h and about 20 mg/kg/h and preferably between 

45 about 0.1 mg/kg/h and about 5 mg/kg/h. 

The method of this invention also is practiced in conjunction with a clot lysing agent, e.g., tissue plasmi- 
nogen activator (t-PA), modified t-PA, streptokinase or urokinase. In cases when clot formation has occurred 
and an artery or vein is blocked, either partially or totally, a clot lysing agent is usually employed. Acompound 
of the invention can be administered prior to or along with the lysing agent or subsequent to its use alone and 

50 preferably further is administered along with aspirin to prevent the reoccurrence of clot formation. 

The method of this invention is also practiced in conjunction with a platelet glycoprotein receptor (llb/llla) 
antagonist, that inhibits platelet aggregation. Acompound of the invention can be administered prior to or along 
with the llb/llla antagonist or subsequent to its use to prevent the reoccurrence of clot formation. 

The method of this invention is also practiced in conjunction with aspirin. Acompound of the invention can 

55 be administered prior to or along with aspirin or subsequent to its use to prevent the reoccurrence of clot for- 
mation. As stated above, preferably a compound of the present invention is administered in conjunction with 
a clot lysing agent and aspirin. 

This invention also provides pharmaceutical formulations for use in the above described therapeutic meth- 
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od. Pharmaceutical formulations of the invention comprise an effective thrombin inhibiting amount of a com- 
pound of Formula I in association with a pharmaceutical^ acceptable carrier, excipient or diluent. For oral ad- 
ministration the antithrombotic compound is formulated in gelatin capsules or tablets which may contain ex- 
cipients such as binders, lubricants, disintegration agents and the like. For parenteral administration the an- 

5 tithrombotic is formulated in a pharmaceutical^ acceptable diluent, e.g., physiological saline (0.9%), 5% dex- 
trose, Ringer's solution, and the like. 

The compound of the present invention can be formulated in unit dosage formulations comprising a dose 
between about 0.1 mg and about 1000 mg. Preferably the compound is in the form of a pharmaceutically ac- 
ceptable salt such as for example the sulfate salt, acetate salt or a phosphate salt. An example of a unit dosage 

10 formulation comprises 5 mg of a compound of the present invention as a pharmaceutically acceptable salt in 
a 10 mL sterile glass ampoule. Another example of a unit dosage formulation comprises about 10 mg of a com- 
pound of the present invention as a pharmaceutically acceptable salt in 20 mL of isotonic saline contained in 
a sterile ampoule. 

The compounds can be administered by a variety of routes including oral, rectal, transdermal, subcutane- 

15 ous, intravenous, intramuscular, and intranasal. The compounds of the present invention are preferably for- 
mulated prior to administration. Therefore, another embodiment of the present invention is a pharmaceutical 
formulation comprising an effective amount of a compound of Formula I or a pharmaceutically acceptable salt 
or solvate thereof in association with a pharmaceutically acceptable carrier, diluent or excipient therefor. 
The active ingredient in such formulations comprises from 0.1% to 99.9% by weight of the formulation. By 

20 "pharmaceutically acceptable" it is meant the carrier, diluent or excipient must be compatible with the other 
ingredients of the formulation and not deleterious to the recipient thereof. 

The present pharmaceutical formulations are prepared by known procedures using well known and readily 
available ingredients. In making the compositions of the present invention, the active ingredient will usually 
be admixed with a carrier, or diluted by a carrier, or enclosed within a carrier which may be in the form of a 

25 capsule, sachet, paper or other container. When the carrier serves as a diluent, it may be a solid, semi-solid 
or liquid material which acts as a vehicle, excipient or medium for the active ingredient. Thus, the compositions 
can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, sol- 
utions, syrups, aerosols, (as a solid or in a liquid medium), soft and hard gelatin capsules, suppositories, sterile 
injectable solutions, sterile packaged powders, and the like. The compositions of this invention may be formu- 

30 lated so as to provide quick, sustained, or delayed release of the active ingredient after administration to the 
patient by employing procedures well known in the art. 

The following formulation examples are illustrative only and are not intended to limit the scope of the in- 
vention in any way. "Active ingredient," of course, means a compound according to Formula I or a pharma- 
ceutically acceptable salt or solvate thereof. 

35 

Formulation 1 



Hard gelatin capsules are prepared using the following ingredients: 



40 




Quantity (mg/capsule) 




Active ingredient 


250 




Starch, dried 


200 


45 


Magnesium stearate 


10 




Total 


460 mg 



so Formulation 2 

A tablet is prepared using the ingredients below: 



55 
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Quantity (mg/capsule) 




Active ingredient 


250 


5 


Cellulose, microcrystalline 


400 




Silicon dioxide, fumed 


10 




Stearic acid 


5 


10 


Total 


665 mg 



The components are blended and compressed to form tablets each weighing 665 mg. 
Formulation 3 

15 

An aerosol solution is prepared containing the following components: 







Weight 


20 


Active ingredient 


0.25 




Ethanol 


25.75 




Propel la nt 22 (Chlorodifluoromethane) 


70.00 


25 


Total 


100.00 



The active compound is mixed with ethanol and the mixture added to a portion of the propellant 22, cooled 
to -30 °C and transferred to a filling device. The required amount is then fed to a stainless steel container and 
diluted with the remainder of the propellant. The valve units are then fitted to the container. 

30 

Formulation 4 



Tablets, each containing 60 mg of active ingredient, are made as follows: 



35 


Active ingredient 


60 mg 




Starch 


45 mg 




Microcrystalline cellulose 


35 mg 


40 


Polyvinylpyrrolidone (as 10% solution in water) 


4 mg 




Sodium carboxymethyl starch 


4.5 mg 




Magnesium stearate 


0.5 mg 


45 


Talc 


1 mg 




Total 


150 mg 



The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve and mixed thor- 
oughly. The aqueous solution containing polyvinylpyrrolidone is mixed with the resultant powder, and the mix- 
ture then is passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at 50 °C and passed 
through a No. 1 8 mesh U.S. Sieve. The sodium carboxymethyl starch, magnesium stearate and talc, previously 
passed through a No. 60 mesh U.S. sieve, are then added to the granules which, after mixing, are compressed 
on a tablet machine to yield tablets each weighing 150 mg. 

Formulation 5 

Capsules, each containing 80 mg of active ingredient, are made as follows: 
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Active ingredient 


80 


mg 


Starch 


59 


mg 


Micro-crystalline cellulose 


59 


mg 


Magnesium stearate 


2 


mg 


Total 


200 


mg 



to The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 45 

mesh U.S. sieve, and filled into hard gelatin capsules in 200 mg quantities. 

Formulation 6 

15 Suppositories, each containing 225 mg of active ingredient, are made as follows: 





Active ingredient 


225 mg 




Saturated fatty acid glycerides 


2,000 mg 


20 


Total 


2,225 mg 



The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty 
acid glycerides previously melted using the minimum heat necessary. The mixture is then poured into a sup- 
pository mold of nominal 2 g capacity and allowed to cool. 

Formulation 7 

Suspensions, each containing 50 mg of active ingredient per 5 ml_ dose, are made as follows: 



30 


Active ingredient 


50 mg 




Sodium carboxymethyl cellulose 


50 mg 




Syrup 


1.25 ml_ 


35 


Benzoic acid solution 


0.10 mL 




Flavor 


q.v. 




Color 


q.v. 


40 


Purified water to total 


5 mL 



The active ingredient is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxyme- 
thyl cellulose and syrup to form a smooth paste. The benzoic acid solution, flavor and color are diluted with a 
portion of the water and added, with stirring. Sufficient water is then added to produce the required volume. 

Formulation 8 



An intravenous formulation may be prepared as follows: 



50 


Active ingredient 


100 mg 




Isotonic saline 


1,000 mL 



The solution of the above ingredients generally is administered intravenously to a subject at a rate of 1 
mL per minute. 

The compounds provided by the invention (Formula I) are orally active and selectively inhibit the action of 
thrombin in mammals. 
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The ability of the compounds of the present invention to be an effective and orally active thrombin inhibitor 
is evaluated in one or more of the following assays. 

The inhibition of thrombin is demonstrated by in vitro inhibition of the amidase activity of thrombin as meas- 
ured in an assay in which thrombin hydrolyzes the chromogenic substrate, N-benzoyl-L-phenylalanyl-L-valyl- 
5 L-arginyl-p-nitroanilide. 

The assay is carried out by mixing 50 (j,L buffer (0.03M Tris, 0.1 5M NaCI, pH 7.4) with 25 \\L of bovine throm- 
bin or human thrombin solution (0.21 mg/mLof thrombostat bovine thrombin, Parke-Davis, or purified human 
thrombin, Enzyme Research Laboratories, South Bend, Indiana, at about 8 NIH units/mL, in the same buffer) 
and 25 uL of test compound in a solvent (in 50% aqueous methanol, v:v). The 150 u,L of an aqueous solution 
10 of the chromogenic substrate (at 0.25 mg/mL) are added and the rates of hydrolysis of the substrate are meas- 
ured by monitoring the reactions at 405 nm for the release of p-nitroaniline. Standard curves are constructed 
by plotting free thrombin concentration against hydrolysis rate. The hydrolysis rates observed with test com- 
pounds are then converted to "free thrombin" values in the respective assays by use of the standard curves. 
The bound thrombin (bound to test compound) is calculated by subtracting the amount of free thrombin ob- 
15 served in each assay from the known initial amount of thrombin used in the assay. The amount of free inhibitor 
in each assay is calculated by subtracting the number of moles of bound thrombin from the number of moles 
of added inhibitor (test compound). 

The Kass value is the hypothetical equilibrium constant for the reaction between thrombin and the test 
compound (I). 

20 

Thrombin + I ► Thrombin- 1 



Kass= [Thrombin- I] 

[ (Thrombin) x (I) ] 

Kass is calculated for a range of concentrations of test compounds and the mean value is reported in units 
30 of liter per mole. 

By substantially following the procedures described above for human thrombin, and using other human 
blood coagulation system serine proteases and proteases of the fibrinolytic system with the appropriate chro- 
mogenic substrates, identified below, selectivity of the compounds of the present invention with respect to the 
coagulation factor serine proteases and with respect to the fibrinolytic system serine proteases are evaluated 

35 as well as their substantial lack of interference with serine proteases of the fibrinolytic system. Thrombin in- 
hibitors preferably should spare fibrinolysis induced by urokinase, tissue plasminogen activator (t-PA) and 
streptokinase. This would be important to the therapeutic use of such agents as an adjunct to streptokinase, 
t-PA or urokinase thrombolytic therapy and to the use of such agents as an endogenous fibrinolysis-sparing 
(with respect to t-PA and urokinase) antithrombotic agent. In addition to the lack of interference with the ami- 

40 dase activity of the fibrinolytic proteases, such fibrinolytic system sparing can be studied by the use of human 
plasma clots and their lysis by the respective fibrinolytic plasminogen activators. 

Human factors X, Xa, IXa, Xla, and Xlla are purchased from Enzyme Research Laboratories, South Bend, 
Indiana; human urokinase from Leo Pharmaceuticals, Denmark; and recombinant activated Protein C (aPC) 
is prepared at Eli Lilly and Co. substantially according to U.S. Patent 4,981,952. Chromogenic substrates: N- 

45 Benzoyl- lle-Glu-GlyArg-p- nit roan ilide (for factor Xa); N-Cbz-D-Arg-Gly-Arg-p-nitroanilide (for factor IXa assay 
as the factor Xa substrate); Pyroglutamyl-Pro-Arg-p-nitroanilide (for Factor Xla and for aPC); H-D-Pro-Phe- 
Arg-p-nitroanilide (for factor XI I a); and Pyroglutamyl-Gly-Arg-p-nitroanilide (for urokinase); are purchased from 
KabiVitrum, Stockholm, Sweden, orfrom Midwest Biotech, Fishers, Indiana. Bovine trypsin is purchased from 
Worthington Biochemicals, Freehold, New Jersey, and human plasma kallikrein from KabiVitrum, Stockholm, 

so Sweden. Chromogenic substrate H-D-Pro-Phe-Arg-p-nitroanilide for plasma kallikrein is purchased from Kabi 
Vitrum, Stockholm, Sweden. N-Benzoyl-Phe-Val-Arg-p-nitroanilide, the substrate for human thrombin and for 
trypsin, is synthesized according to procedures described above for the compounds of the present invention, 
using known methods of peptide coupling from commercially available reactants or purchased from Midwest 
Biotech, Fishers, Indiana. 

55 Human plasmin is purchased from Boehringer Mannheim, Indianapolis, Indiana; nt-PAis purchased as sin- 

gle chain activity reference from American Diagnostica, Greenwich, Connecticut; modif ied-t-PA6 (mt-PA6) is 
prepared at Eli Lilly and Company by procedure known in the art (See, Burck, et al., J. Bid. Chem ., 265 , 5120- 
5177 (1990). Plasmin chromogenic substrate H-D-Val-Leu-Lys-p- nit roan ilide and tissue plasminogen activator 
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(t-PA) substrate H-D-llePro-Arg-p-nitroanilide are purchased from Kabi Vitrum, Stockholm, Sweden. 

In the chromogenic substrates described above the three-letter symbols He, Glu, Gly, Pro, Arg, Phe, Val, 
Leu and Lys are used to indicate the corresponding amino acid group isoleucine, glutamic acid, glycine, proline, 
arginine, phenylalanine, valine, leucine and lysine, respectively. 

Table 1 which follows lists the Kass values obtained with the indicated compound represented by the For- 
mula I. 
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Table 1 
Inhibition Properties 

Kass X 10 6 (L/mole) 

Human 

Thrombin Xa Trypsin Plasmin t-PA 

3.3 0.0017 0.38 0.010 0.082 

4.4 0.0092 1.0 0.045 0.023 
2.1 0.0021 0.24 0.0046 0.033 

13. 0.0057 0.076 0.0033 0.074 

0.035 0.00039 0.00015 0.00022 <0.001 

2.3 0.00024 0.0016 0.00023 <0.001 

1.9 0.0041 0.0081 0.00022 0.0037 

5.3 0.00038 0.022 0.00080 0.0012 
0.033 0.00058 0.00017 <0.001 <0.001 

1.4 0.000024 0.077 0.0045 0.00055 
0.064 0.000068 0.0036 0.0060 <0.001 
0.44 0.000042 0.0022 0.00087 0.000042 
0.49 0.00098 0.00066 0.00011 <0.001 
0.021 0.00014 0.000056 0.000046 <0.001 

220 0.0070 2.6 0.017 0.004 

0.97 0.0051 0.02 0.0017 0.0012 

33 0.049 3.8 0.024 0.0034 

180 0.21 14 0.085 0.0C94 

11 0.14 41 0.16 0.0C56 

10 0.10 19 0.10 O.0C77 

3.6 0.62 0.96 0.031 0.0C2 

3.0 0.043 8.5 0.042 0.004 

770 0.14 21 0.44 0.31 

0.78 <0.001 0.03 <0.001 <0.001 

0.43 <0.001 0.01 <0.001 0.01 

13. 0.01 0.21 0.01 0.01 

0.29 0.02 0.02 <0.001 0.02 

0.95 0.01 0.11 <0.001 <0.001 

0.76 0.02 0.02 <0.001 <0.001 

0.55 0.02 0.03 <0.001 <0.001 
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It is noted that, unexpectedly, compounds in which X contains a D-cyclohexylalanyl moiety have improved 
40 potency with respect to inhibition of thrombin and display especially surprisingly enhanced potency with respect 
to the inhibition of factor Xa when compared with, for example, the corresponding compounds in which X con- 
tains a D-phenylalanyl moiety. 

Materials 

45 

Dog plasma is obtained from conscious mixed-breed hounds (either sex Hazelton-LRE, Kalamazoo, Michigan, 
U.S.A.) by venipuncture into 3.8 percent citrate. Fibrinogen is prepared from fresh dog plasma and human fi- 
brinogen is prepared from in-date ACD human blood at the fraction 1-2 according to previous procedures and 
specifications. Smith, Biochem . J., 185 , 1-11 (1980); and Smith, et al., Biochemistry , V\_, 2958-2967, (1972). 
so Human fibrinogen (98 percent pure/plasmin free) is from American Diagnostica, Greenwich, Connecticut. Ra- 
diolabeling of fibrinogen I-2 preparations is performed as previously reported. Smith, et al., Biochemistry , 
2958-2967, (1972). Urokinase is purchased form Leo Pharmaceuticals, Denmark, as 2200 Ploug units/vial. 
Streptokinase is purchased from Hoechst-Roussel Pharmaceuticals, Somerville, New Jersey. 

55 Methods - Effects on Lysis of Human Plasma Clots by t-PA 

Human plasma clots are formed in micro test tubes by adding 50 uL thrombin (73 NIH unit/mL)to 100 [iL human 
plasma which contains 0.0229 ^iCi 125-iodine labeled fibrinogen. Clot lysis is studied by overlaying the clots 
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with 50 \iL of urokinase or streptokinase (50, 100, or 1000 unit/mL) and incubating for 20 hours at room tem- 
perature. After incubation the tubes are centrifuged in a Beckman Microfuge. 25 nl_ of supernate is added 
into 1.0 ml_ volume of 0.03 M tris/0.15 M NaCI buffer for gamma counting. Counting controls 100 percent lysis 
are obtained by omitting thrombin (and substituting buffer). The thrombin inhibitors are evaluated for possible 
5 interference with fibrinolysis by including the compounds in the overlay solutions at 1, 5, and 10 ug/mL con- 
centrations. Rough approximations of IC 50 values are estimated by linear extrapolations from data points to 
a value which would represent 50 percent of lysis for that particular concentration of fibrinolytic agent. 

Anticoagulant Activity 

10 

Materials 

Dog plasma and rat plasma is obtained from conscious mixed-breed hounds (either sex, Hazelton-LRE, Ka- 
lamazoo, Michigan, U.S.A.) or from anesthetized male Sprague-Dawley rats (Harlan Sprague-Dawley, Inc., 

15 Indianapolis, Indiana, U.S.A.) by venipuncture into 3.8 percent citrate. Fibrinogen is prepared from in-date ACD 
human blood as the fraction I-2 according to previous procedures and specifications. Smith, Biochem . J., 185 , 
1-11 (1980); and Smith, et al., Biochemistry , It 2958-2967 (1972). Human fibrinogen is also purchased as 
98 percent pure/plasmin free from American Diagnostica, Greenwich, Connecticut. Coagulation reagents AC- 
TIN, Thromboplastin, and Human plasma are from Baxter Healthcare Corp., Dade Division, Miami, Florida. Bo- 

20 vine thrombin from Parke-Davis (Ann Detroit, Michigan) is used for coagulation assays in plasma. 

Methods 

Anticoagulation Determinations 

25 

Coagulation assay procedures are as previously described. Smith, et al., Thrombosis Research , 50, 163-174 
(1988). A CoAScreener coagulation instrument (American LABor, Inc.) is used for all coagulation assay meas- 
urements. The prothrombin time (PT) is measured by adding 0.05 ml_ saline and 0.05 mL Thromboplastin-C 
reagent to 0.05 mL test plasma. The activated partial thromboplastin time (APTT) is measured by incubation 
30 of 0.05 mL test plasma with 0.05 mL Actin reagent for 120 seconds followed by 0.05 mL CaCI 2 (0.02 M). The 
thrombin time (TT) is measured by adding 0.05 mL saline and 0.05 mL thrombin (10 NIH units/mL) to 0.05 mL 
test plasma. The compounds of Formula I are added to human or animal plasma over a wide range of concen- 
trations to determine prolongation effects on the APTT, PT, and TT assays. Linear extrapolations are per- 
formed to estimate the concentrations required to double the clotting time for each assay. 

35 

Animals 

Male Sprague Dawley rats (350-425 gm, Harlan Sprague Dawley Inc., Indianapolis, IN) are anesthetized with 
xylazine (20 mg/kg, s.c.) and ketamine (120 mg/kg, s.c.) and maintained on a heated water blanket (37 °C). 
40 The jugular vein(s) is cannulated to allow for infusions. 

Arterio-Venous shunt model 

The left jugular vein and right carotid artery are cannulated with 20 cm lengths of polyethylene PE 60 tubing. 

45 A 6 cm center section of larger tubing (PE 1 90) with a cotton thread (5 cm) in the lumen, is friction fitted between 
the longer sections to complete the arterio-venous shunt circuit. Blood circulated through the shunt for 15 min- 
utes before the thread is carefully removed and weighed. The weight of a wet thread is subtracted from the 
total weight of the thread and thrombus (see J.R. Smith, Br. J. Pharmacol ., 77, 29 (1982)). 

When the compound of Example 48 was compared with D-MePhe-Pro-Arg-H (discussed above at page 

50 2) in the Arterio-Venous shunt model, the antithrombotic potency was found to be 9-fold greater during con- 
tinuous intravenous infusion. To reduce thrombus weight to the same extent (to approximately 20% of control), 
the compound of Example 48 prolonged plasma thrombin time about 3-fold, whereas plasma thrombin time 
was prolonged greater than 20-fold during infusion of the standard compound. Prothrombin time and APTT 
were extended only to about 120% of control (a few seconds) during infusion of the compound of Example 48. 

55 

FeCI 3 model of arterial injury 



The carotid arteries are isolated via a midline ventral cervical incision. A thermocouple is placed under each 
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10 



25 



artery and vessel temperature is recorded continuously on a strip chart recorder. A cuff of tubing (0.058 ID x 
0.077 ODx 4 mm, Baxter Med. Grade Silicone), cut longitudinally, is placed around each carotid directly above 
the thermocouple. FeCI 3 hexahydrate is dissolved in water and the concentration (20%) is expressed in terms 
of the actual weight of FeCI 3 only. To injure the artery and induce thrombosis, 2.85 [l\ is pipetted into the cuff 
to bathe the artery above the thermocouple probe. Arterial occlusion is indicated by a rapid drop in temperature. 
The time to occlusion is reported in minutes and represented the elapsed time between application of FeCI 3 
and the rapid drop in vessel temperature (see K.D. Kurz, Thromb . Res ., 60 , 269 (1990)). 

Spontaneous thrombolysis model 



In vitro data suggested that the peptide thrombin inhibitors inhibit thrombin and other serine proteases, such 
as plasmin and tissue plasminogen activator. To assess if the compounds inhibited fibrinolysis in vivo , the rate 
of spontaneous thrombolysis is determined by implanting a labeled whole blood clot into the pulmonary circu- 
lation. Rat blood (1 ml_) is mixed rapidly with bovine thrombin (4 IU, Parke Davis) and 125 l human fibrogen (5 

15 jj,Ci, ICN), immediately drawn into silastic tubing and incubated at 37 °C for 1 hour. The aged thrombus is ex- 
pelled from the tubing, cut into 1 cm segments, washed 3x in normal saline and each segment is counted in 
a gamma counter. A segment with known counts is aspirated into a catheter that is subsequently implanted 
into the jugular vein. The catheter tip is advanced to the vicinity of the right atrium and the clot is expelled to 
float into the pulmonary circulation. One hour after implant, the heart and lungs are harvested and counted 

20 separately. Thrombolysis is expressed as a percentage where: 

'/..Thrombolysis = ejected cprn - lung cpm) x 1 QQ 
injected cpm 

The fibrinolytic dissolution of the implanted clot occurs time-dependently (see J. P. Clozel, Cardiovas . Phar- 
macol ., 12, 520 (1988)). 



Coagulation parameters 



Plasma thrombin time (TT) and activated partial thromboplastin time (APTT) are measured with a f ibrometer. 
Blood is sampled from a jugular catheter and collected in syringe containing sodium citrate (3.8%, 1 part to 9 
30 parts blood). To measure TT, rat plasma (0.1 ml_) is mixed with saline (0.1 ml_) and bovine thrombin (0.1 ml_, 
30 U/mL in TRIS buffer; Parke Davis) at 37 °C. For APTT, plasma (0.1 ml_) and APTT solution (0.1 ml_, Organon 
Teknika) are incubated for 5 minutes (37 °C) and CaCI 2 (0.01 ml_, 0.025 M) is added to start coagulation. Assays 
are done in duplicate and averaged. 

35 Index of Bioavailability 

A measure of bioactivity, plasma thrombin time (TT), served as a substitute for the assay of parent compound 
on the assumption that increments in TT resulted from thrombin inhibition by parent only. The time course of 
the effect of the thrombin inhibitor upon TT is determined after i.v. bolus administration to anesthetized rats 

40 and after oral treatment of fasted conscious rats. Due to limitations of blood volume and the number of points 
required to determine the time course from time of treatment to the time when the response returned to pre- 
treatment values, two populations of rats are used. Each sample population represented alternating sequential 
time points. The average TT over the time course is used to calculate area under the curve (AUC). The index 
of bioavailability is calculated by the formula shown below and is expressed as percent relative activity. 

45 The area under the curve (AUC) of the plasma TT time course is determined and adjusted for the dose. 

This index of bioavailability is termed "% Relative Activity" and is calculated as 

%Relative Activity = *V£?° X ,P ose iv X 100 
AUC iv Dose po 

so Compounds 

Compound solutions are prepared fresh daily in normal saline and are injected as a bolus or are infused starting 
15 minutes before and continuing throughout the experimental perturbation which is 15 minutes in the arter- 
iovenous shunt model and 60 minutes in the FeCI 3 model of arterial injury and in the spontaneous thombosis 
55 model. Bolus injection volume is 1 mL/kg for i.v., and 5 mL/kg for p.o. and infusion volume is 3 mL/hr. 
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Statistics 

Results are expressed as means +/- SEM. One-way analysis of variance is used to detect statistically signif- 
icant differences and then Dunnett's test is applied to determine which means are different. Significance level 
5 for rejection of the null hypothesis of equal means is P<0.05. 

Animals 

Male dogs (Beagles; 1 8 months - 2 years; 12-13 kg, Marshall Farms, North Rose, New York 14516) are fasted 
10 overnight and fed Purina certified Prescription Diet (Purina Mills, St. Louis, Missouri) 240 minutes after dosing. 
Water is available ad libitum . The room temperature is maintained between 66-74°F; 45-50% relative humidity; 
and lighted from 0600-1800 hours. 

Pharmacokinetic model. 

15 

Test compound is formulated immediately prior to dosing by dissolving in sterile 0.9% saline to a 5 mg/mL prep- 
aration. Dogs are given a single 2 mg/kg dose of test compound by oral gavage. Blood samples (4.5 ml_) are 
taken from the cephalic vein at 0.25, 0.5, 0.75, 1, 2, 3, 4 and 6 hours after dosing. Samples are collected in 
citrated Vacutainer tubes and kept on ice prior to reduction to plasma by centrif ugation. Plasma samples are 

20 derivatized with dinitrophenyl hydrazine and analyzed by HPLC (Zorbax SB-C8 column) eluting with metha- 
nol/500 mM sodium acetate adjusted to pH 7 with phosphoric acid (60:40, v/v). Plasma concentration of test 
compound is recorded and used to calculate the pharmacokinetic parameters: elimination rate constant, Ke; 
total clearance, Clt; volume of distribution, V D ; time of maximum plasma test compound concentration, Tmax; 
maximum concentration of test compound at Tmax, Cmax; plasma half-life, t0.5; area under the curve, A.U.C.; 

25 and fraction of test compound absorbed, F. 

Canine Model of Coronary Artery Thrombosis 

Surgical preparation and instrumentation of the dogs are as described in Jackson, et al., Circulation , 82 , 930- 

30 940 (1990). Mixed-breed hounds (aged 6-7 months, either sex, Hazelton-LRE, Kalamazoo, Ml, U.S.A.) are 
anesthetized with sodium pentobarbital (30 mg/kg intravenously, i.v.), intubated, and ventilated with room air. 
Tidal volume and respiratory rates are adjusted to maintain blood P0 2 , PC0 2 , and pH within normal limits. Sub- 
dermal needle electrodes are inserted for the recording of a lead II ECG. 

The left jugular vein and common carotid artery are isolated through a left mediolateral neck incision. Ar- 

35 terial blood pressure (ABP) is measured continuously with a precalibrated Millar transducer (model MPC-500, 
Millar Instruments, Houston, TX, U.S.A.) inserted into the carotid artery. The jugular vein is cannulated for 
blood sampling during the experiment. In addition, the femoral veins of both hindlegs are cannulated for ad- 
ministration of test compound. 

A left thoracotomy is performed at the fifth intercostal space, and the heart is suspended in a pericardial 

40 cradle. A 1- to 2-cm segment of the left circumflex coronary artery (LCX) is isolated proximal to the first major 
diagonal ventricular branch. A26-gauge needle-tipped wire anodal electrode (Teflon®-coated, 30-gauge sil- 
verplated copper wire) 3-4 mm long is inserted into the LCX and placed in contact with the intimal surface of 
the artery (confirmed at the end of the experiment). The stimulating circuit is completed by placing the cathode 
in a subcutaneous (s.c.) site. An adjustable plastic occluder is placed around the LCX, over the region of the 

45 electrode. A precalibrated electromagnetic flow probe (Carolina Medical Electronics, King, NC, U.S.A.) is 
placed around the LCX proximal to the anode for measurement of coronary blood flow (CBF). The occluder is 
adjusted to produce a 40-50% inhibition of the hyperemic blood flow response observed after 10-s mechanical 
occlusion of the LCX. All hemodynamic and ECG measurements are recorded and analyzed with a data ac- 
quisition system (model M3000, Modular Instruments, Malvern, PA. U.S.A.). 

50 

Thrombus Formation and Compound Administration Regimens 

Electrolytic injury of the intima of the LCX is produced by applying 100-jaA direct current (DC) to the anode. 
The current is maintained for 60 minutes and then discontinued whether the vessel has occluded or not. Throm- 
55 bus formation proceeds spontaneously until the LCX is totally occluded (determined as zero CBF and an in- 
crease in the S-T segment). Compound administration is started after the occluding thrombus is allowed to 
age for 1 hour. A 2-hour infusion of the compounds of the present invention at doses of 0.5 and 1 mg/kg/h is 
begun simultaneously with an infusion of thrombolytic agent (e.g. tissue plasminogen activator, streptokinase, 
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APSAC). Reperfusion is followed for 3 hours after administration of test compound. Reocclusion of coronary 
arteries after successful thrombolysis is defined as zero CBF which persisted for ^ 30 minutes. 

Hematology and template bleeding time determinations 

5 

Whole blood cell counts, hemoglobin, and hematocrit values are determined on a 40-p,l sample of citrated 
(3.8%) blood (1 part citrate:9 parts blood) with a hematology analyzer (Cell-Dyn 900, Sequoia-Turner. Mount 
View, CA, U.S.A.). Gingival template bleeding times are determined with a Simplate II bleeding time device 
(Organon Teknika Durham, N.C., U.S.A.). The device is used to make 2 horizontal incisions in the gingiva of 

10 either the upper or lower left jaw of the dog. Each incision is 3 mm wide x 2 mm deep. The incisions are made, 
and a stopwatch is used to determine how long bleeding occurs. A cotton swab is used to soak up the blood 
as it oozes from the incision. Template bleeding time is the time from incision to stoppage of bleeding. Bleeding 
times are taken just before administration of test compound (0 minutes), 60 minutes into infusion, at conclusion 
of administration of the test compound (120 minutes), and at the end of the experiment. 

15 All data are analyzed by one-way analysis of variance (ANOVA) followed by Student-Neuman-Kuels post 

hoc t test to determine the level of significance. Repeated-measures ANOVA are used to determine significant 
differences between time points during the experiments. Values are determined to be statistically different at 
least at the level of p<0.05. All values are mean ± SEM. All studies are conducted in accordance with the guiding 
principles of the American Physiological Society. Further details regarding the procedures are described in 

20 Jackson, et al., J. Cardiovasc . Pharmacol ., 21, 587-599 (1993). 

Table 2 

25 

Human Plasma Anticoagulation 

2x Clotting time (nq/mL) % oral/i.v. 

Example TT APTT PT activity (Rat) 
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Notes to Table 2 

NC^ indicates screening not completed; low or very low 
activity obsrved at 20 mg/kg p.o. 

NC^ indicates screening net completed; low or very low 

activity observed at 60 mg/kg p.o. 

NC^ indicates screening not completed; low or very low 

activity observed at 50 mg/kg p.o. 

NT indicates not tested, as does a blank entry. 
Claims 

1. A compound having the Formula I 

X-Y-NH-(CH 2 ) r -G I 

wherein 

X is prolinyl, homoprolinyl, 
R m -(CH 2 ) g -NH-CH 2 -C(0)-, 




C- 
II 

0 
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O 




(CH 2 ) 



N-B 
R ' 



m 




R' or R d - (CH 2 ) 2-CH-C- 



C- 
II 

O 



in which 

R d is carboxy or methylsulfonyl; 

R* is NHR C , NHCOR c or NHCOOR c ; in which 

R c is C r C 10 alkyl, C 3 -C 8 cycloalkyl or a (C 3 -C 8 ) cycloalkyl (CpCe) alkyl radical of 4-10 carbons; 
T is C 3 -C 8 cycloalkyl, C^Cg alkyl, 



a is 0, 1 or 2; and 

Q is -OH, C^-C A alkoxy, or -NH-A; 

A is hydrogen, C r C 4 alkyl, R"S0 2 -, R"OC(0)-, R"C(0)-, RnC(O)- or-(CH 2 ) g -R"; 
g is 1, 2, or 3; 

B is hydrogen or C r C 4 alkyl; 

R' is hydrogen or C r C 4 alkyl; 

R" is C r C 4 alkyl, C r C 4 perfluoroalkyl, 
-(CH 2 )d-R m , or un substituted or substituted aryl, where aryl is phenyl, naphthyl, a 5- or 6-membered un- 
substituted or substituted aromatic heterocyclic ring, having one or two heteroatoms which are the same 
or different and which are selected from sulfur, oxygen and nitrogen, or a 9- or 10-membered unsubsti- 
tuted or substituted fused bicyclic aromatic heterocyclic group having one or two heteroatoms which are 
the same or different and which are selected from sulfur, oxygen and nitrogen; 

R m is -COORo, -S0 2 (C 1 -C 4 alkyl), -S0 3 H, -P(O) (OR b ) 2 or tetrazol-5-yl; 

R n is -COOR b or tetrazol-5-yl; 

each R b is independently hydrogen or C r C 4 alkyl; 

d is 1, 2, or 3; 

m is 0, 1, or 2; 

n is 0, 1, or 2; and 

Z is hydrogen, C<\-C 4 alkyl, C r C 4 alkoxy, hydroxy, halo or R a S0 2 NH-, where R a is C r C 4 alkyl; 
Yis 




Z 



o 



o 



II 

-NR g -CH 2 -C- 



II 
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in which 

Rs is C r C 6 alkyl, C 3 -C 8 cycloalkyl, or -(CH 2 )p-L-(CH 2 )q-T'; 

Rp is hydrogen, C r C 6 alkyl, C 3 -C 8 cycloalkyl, or-(CH 2 )p-L-(CH 2 ) q -T'; 

where p is 0, 1, 2, 3, or 4; L is a bond, -O-, -S-, or-NH-; q is 0, 1, 2 or 3; and T is hydrogen, C r C 4 
alkyl, C 3 -C 8 cycloalkyl, -COOH, -CONH 2 , or Ar, where Ar is unsubstituted or substituted aryl, where aryl 
is phenyl, naphthyl, a 5- or 6-membered unsubstituted or substituted aromatic heterocyclic ring, having 
one or two heteroatoms which are the same or different and which are selected from sulfur, oxygen and 
nitrogen, or a 9- or 10-membered unsubstituted or substituted fused bicyclic aromatic heterocyclic group 
having one or two heteroatoms which are the same or different and which are selected from sulfur, oxygen 
and nitrogen; 

Ry is -CH 2 -, -0-, -S-, or-NH-; and 

R z is a bond or, when taken with Rv and the three adjoining carbon atoms, forms a saturated car- 
bocyclic ring of 5-8 atoms, one atom of which may be -O-, -S-, or-NH-; 

r is 1 , 2 or 3; and 

G is -(CH 2 ) S -R, where s is 0-5, 
-CH=CH-(CH 2 ) t -R, where t is 0-3, or G is 




H 



where D and E are each independently N or CH; 

k is 0 or 1 ; 

b is 0 or 1 ; 

Mis S, O, or NH; 

each W is independently N or CH; and 
R is -NH 2 , 

NH NOH NH 

II H II 

-C-NH 2 , -C-NH 2 , or -NH-C-NH 2 ; 



or G is 
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and wherein one to all of the otherwise unsubstituted carbon atoms of the aromatic or heteroaro- 
matic rings of 




may bear a fluoro substituent; 

or a pharmaceutically acceptable salt thereof; 
or a pharmaceutically acceptable solvate of said compound or salt thereof; 

provided that A is not hydrogen or t- butyl oxycarbonyl when G is -(CH 2 ) S -NH-C(NH)NH 2 , Y is un- 
substituted prolinyl (Rp is hydrogen), and T is 




and provided further that R is not amino or guanidino when r=1 and s=0; 

and provided further that A is not hydrogen, C r C 4 alkyl, methylsulfonyl or-(CH 2 ) g -R m when G is 
-(CH 2 ) S -R in which R is 

NH NH 

II II 

-C-NH 2 or -NH-C-NHo f 

Yis 



O 




unsubstituted prolinyl (Rp is hydrogen) or 4- hydroxy prolinyl (Rp is OH), R' is hydrogen, T is cyclohexyl and 
Q is -NH-A; 

and provided further that R"S0 2 is not arylsulfonyl when G is -(CH 2 ) S -R in which R is 

NH 

II 

-NH-C-NH 2 f 

Y is unsubstituted prolinyl (Rp is hydrogen) or 4-methyl-thioprolinyl (Rp is -SCH 3 ), and Q is -NH-A; 
and provided further that A is not R"S0 2 - when G is 
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A compound of Formula I or salt or solvate thereof as claimed in Claim 1 wherein 
X is prolinyl, homoprolinyl, 




T is C3-C5 cycloalkyl, C r C 8 alkyl, 




Z 



a is 0 or 1 ; 

Q is -OH, C r C 4 alkoxy, or -NH-A; 

A is hydrogen, C r C 4 alkyl, R"S0 2 -, R"OC(0)-, R"C(0)-, or -(CH 2 ) g -COOH; 
g is 1, 2, or 3; 

B is hydrogen or C 1 -C 4 alkyl; 

R' is hydrogen or C^-C A alkyl; 

R" is C r C 4 alkyl, C^-C A perfluoroalkyl, 
-(CH 2 ) d -COOH, or unsubstituted or substituted aryl, where aryl is phenyl, naphthyl, a 5- or6-membered 
unsubstituted or substituted aromatic heterocyclic ring, having one or two heteroatoms which are the 
same or different and which are selected from sulfur, oxygen and nitrogen, or a 9- or 10-membered un- 
substituted or substituted fused bicyclic aromatic heterocyclic group having one or two heteroatoms which 
are the same or different and which are selected from sulfur, oxygen and nitrogen; 

d is 1, 2, or 3; 
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m is 0, 1, or 2; 
n is 0, 1, or 2; and 

Z is hydrogen, (VC4 alkyl, C r C 4 alkoxy, hydroxy, halo, or R a S0 2 NH-, where R a is C r C 4 alkyl; 
Yis 



0 
II 

-NR g -CH 2 -C- 



O 



• N- 




in which 

RQ is C r C 6 alkyl, C 3 -C 8 cycloalkyl, or -(CH 2 )p-L-(CH 2 ) q -T'; 

Rp is hydrogen, C r C 6 alkyl, C 3 -C 8 cycloalkyl, or-(CH 2 )p-L-(CH 2 )q-T'; 

where p is 0, 1, 2, 3, or 4; L is a bond, -O-, -S-, or-NH-; q is 0, 1, 2 or 3, and T is hydrogen, C r C 4 
alkyl, C 3 -C 8 cycloalkyl, -COOH, -CONH 2 , or Ar, where Ar is unsubstituted or substituted aryl, where aryl 
is phenyl, naphthyl, a 5- or 6-membered unsubstituted or substituted aromatic heterocyclic ring, having 
one or two heteroatoms which are the same or different and which are selected from sulfur, oxygen and 
nitrogen, or a 9- or 1 0-membered unsubstituted or substituted fused bicyclic aromatic heterocyclic group 
having one or two heteroatoms which are the same or different and which are selected from sulfur, oxygen 
and nitrogen; 

Ry is -CH 2 -, -O-, -S-, or-NH-; and 

R z is a bond or, when taken with Ry and the three adjoining carbon atoms, forms a saturated car- 
bocyclic ring of 5-8 atoms, one atom of which may be -O-, -S-, or-NH-; 
r is 1 or 2; and 

G is -(CH 2 ) S -R, where s is 0-5, 
-CH=CH-(CH 2 ) t -R, where t is 0-3, 




where D and E are each independently N or CH; 

k is 0 or 1 ; 

b is 0 or 1 ; 

Mis S, 0,orNH; 

each W is independently N or CH; and 
R is -NH 2 , 



136 



EP 0 672 658 A1 



NH 



NOH 

II 



NH 



-C-NH 2 , -C-NH 2 , or -NH-C-NH 2 



or a pharmaceutically acceptable salt thereof; 
or a pharmaceutically acceptable solvate of said compound or salt thereof; 

provided that A is not hydrogen or t- butyl oxycarbonyl when G is -(CH 2 ) S -NH-C(NH)NH 2 , Y is un- 
substituted prolinyl (Rp is hydrogen), and T is 




and provided further that R is not amino or guanidino when r=1 and s=0; 

and provided further that A is not hydrogen, C r C 4 alkyl, methylsulfonyl or -(CH 2 ) g -COOH when G 
is -(CH 2 ) S -R in which R is 

NH " NH 

II II 

-C-NH-; or -NH-C-NH 2 

Yis 




unsubstituted prolinyl (Rp is hydrogen) or 4- hydroxy prolinyl (Rp is OH), R' is hydrogen, T is cyclohexyl and 
Q is -NH-A; 

and provided further that R"S0 2 is not arylsulfonyl when G is -(CH 2 ) S -R in which R is 



NH 

II 

-NH-C-NH 2 



Y is unsubstituted prolinyl (Rp is hydrogen) or4-methyl-thioprolinyl (Rp is -SCH 3 ), and Q is -NH-A; 
and provided further that A is not R"SQ 2 - when G is 



T is C r C 8 alkyl, 




z 
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, and Q is -NH-A. 

3. A compound or salt or solvate thereof as claimed in Claim 1 or 2 wherein 

alkyl by itself or as part of another substituent is methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, 
5 isobutyl or sec-butyl; 

perfluoroalkyl by itself or as part of another substituent is trifluoromethyl, perfluoroethyl, perfluoro- 
n- propyl, perfluoroisopropyl, perfluoro- n-butyl, perfluoro- t-butyl, perfluoroisobutyl or perf I uoro-sec- bu- 
tyl; 

C 3 -C 8 cycloalkyl is cyclopropyl, methylcyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 4-methyl- 
10 cyclohexyl or cyclooctyl; 

halo is chloro, fluoro, bromo or iodo; 

a 5- or 6-membered heterocyclic ring is furyl, thienyl, pyrrolyl, pyrazolyl, oxazolyl, isoxazolyl, thia- 
zolyl, isothiazolyl, pyranyl, pyridinyl, pyrimidinyl, pyrazinyl, oxazinyl orthiazinyl; 

a 9- or 10-membered heterocyclic ring is indolyl, benzothienyl, benzofuryl, benzoxazolyl, benzoi- 
cs soxazolyl, benzopyrazolyl, quinolinyl, isoquinolinyl, benzimidazolyl or benzothiazolyl; 

and further where any of the aromatic or heteroaromatic groups listed for the definition of Ar or 
R" is independently unsubstituted or substituted with one or two substituents that will afford a stable 
structure independently selected from halo, hydroxyl, C r C 4 alkyl, C 1 -C 4 alkoxy, amino (-NH 2 ), mono(C r 
C 4 alkyl)amino, -(CH 2 )jCOOH, mercapto, -S(0) h (C 1 -C 4 alkyl), -NHS(0) h (C r C 4 alkyl), -NHC(0)(C r C 4 al- 
20 kyl), -S(0) h NH 2 , -S(0) h NH(C r C 4 alkyl), or -S(0) h N(C r C 4 alkyl) 2 , h is 0, 1 or 2, and j is 0, 1 , 2, 3, or 4. 

4. A compound or salt or solvate thereof as claimed in Claim 1, 2 or 3 wherein 

Xis 

R l C 

I II 

(CH : ) a -C-C- 
Q 

/ 

homoprolinyl, 1- or 3-Tiq, or 1- or 3-Piq; Y is prolinyl; and Q is NHA in which A is hydrogen or R"S0 2 -, 
R' is hydrogen, Z is hydrogen, and B is hydrogen; and R is a guanidino or an amidino group. 

35 

5. A compound or salt or solvate thereof as claimed in any one of Claims 1-4 wherein 

G is a 4-amidinophenyl group. 

6. A compound or salt or solvate thereof as claimed in Claim 1 , 2 or 3 wherein 

40 X is 

R 1 O 

I II 

T- (CH 2 ) a-C— C- 

45 I 

Q 

in which T is cyclohexyl, a is 1, R' is hydrogen and Q is -NH-A in which A is hydrogen, R"S0 2 - or-(CH 2 ) g - 
COOH. 

50 

7. A compound or salt or solvate thereof as claimed in Claim 6 in which A is R"S0 2 - and R" is ethyl. 

8. A compound or salt or solvate thereof as claimed in Claim 6 in which A is -(CH 2 )g-COOH and g is 1 . 

55 9. A compound or salt or solvate thereof as claimed in any one of Claims 1-3 or 6-8 in which Y is (L)-prolinyl, 
(S)-cis-octahydro-l H-indole-2-carbonyl, or N-(2-phenylethyl)glycyl. 

10. A compound, or a pharmaceutical ly acceptable salt or solvate thereof, which compound is selected from 
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a) a compound of Formula la 



X 

I 




la 



wherein the benzamidine ring is unsubstituted or may bear one or two fluoro substituents, 
b) a compound of Formula lb 



X 




and 

c) a compound of Formula Ic 



X 
I 




Ic 



wherein D is N or CH; 

and X has any of the values claimed in Claims 1-4 and 6-8. 

11. Acompound, or salt or solvate thereof, as claimed in Claim 10 which is a compound of Formula la in which 
the benzamidine ring is unsubstituted. 

12. Acompound, or salt or solvate thereof, as claimed in Claim 10 or 11 wherein 

Xis 

R ' O 

I II 

T-(CH 2 ) a -C— C- 

Q 

in which R' is hydrogen, a is 1, T is cyclohexyl or phenyl and Q is-NH-Ain which A is hydrogen, ethylsulfonyl 
or carboxymethyl. 

13. A compound or salt or solvate thereof as claimed in Claim 1 which compound is selected from 

a) D-phenylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide, 

b) N-[[4-(aminoiminomethyl)phenyl]methyl]-1-[[(4aS,8aS)-decahydro-1(R)-isoquinolinyl]carbonyl]-L- 
prolinamide, 

c) N-(ethylsulfonyl)-D-phenylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide, 

d) (S-cis)-N-[[4-(aminoiminomethyl)-phenyl]methyl]-1-[N-(ethylsulfonyl)-D-phenylglycyl]-1H-indole-2- 
carboxamide, 

e) (S-cis)-N-[[4-(aminoiminomethyl)-phenyl]methyl]-1-[N-(ethylsulfonyl)-D-phenylalanyl]-1H-indole-2- 

139 



EP 0 672 658 A1 



carboxamide, 

f) N-(carboxymethyl)-D-phenylalanyl-N-[[4-(aminoim^ 

g) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyn 

h) (S-cis)-N-[[4-(aminoiminomethy0 
dole-2-carboxamide, 

i) D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide, 
j) N-(2-carboxyethyl)-D-cyclohexylalanyl-N-[[4-(am 

k) N-(carfcoxymethyl)-D-cyclohexylalanyl-N-[[1-(am 
prolinamide, 

I) N-(carboxymethyl)-D-cydohexylata 

m) N-(carboxymethyl)-D-cyclohexylalanyl-N-^ 

n) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[5-(aminoiminomethyl)-1,2,3,4-tetrahydrop 
yl]methyl]-L-prolinamide, 

0) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[6-(am 
p) N-(carboxymethyl)-D-cyclohexylalanyl-N-^ 
thyl]-L-prolinamide, 

q) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)-2-fluorophenyl]me 
mide, 

r) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl-2,6-difluorophenyl^ 
namide, 

s) N-(ethylsulfonyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L^ 
t) N-(carboxymethyl)-D-cyclohexylglycyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L^ 
u) N-(carboxymethyl)-D-homophenylalanyl-N-[[4-(amin^ 

v) N-(carboxymethyl)-D-homc)cyclohexylalanyl-N-[[4-(aminoiminomethyl^ and 
w) N-(methylsulfonylacetyl)-L-cyclohexylalanyl-N-[[4-(aminoiminomethyl)ph 

14. A compound or salt or solvate thereof as claimed in Claim 1 which compound is selected from 

1) (S-cis)-N-[[4-(aminoiminomethyl)-phenyl]methyl]-1-[N-(ethylsulfonyl)-D-phenylalanyl]-1H-indole-2- 
carboxamide, 

ii) N-(carboxymethyl)-D-phenylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide, 

iii) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide, 

iv) D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide, 

v) N-(carlDOxymethyl)-D-cyclohexylalanyl-N-[[5-(aminoiminomethyl)thiophen-2-yl]methyl]-L-prolinamide, 

vi) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[1-(aminoiminomethyl)-1,2,3,6-tetrahydropyridin-4-yl]me- 
thyl]-L-prolinamide, 

vii) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl)-2-fluorophenyl]methyl]-L-prolina- 
mide, and 

vii) N-(carboxymethyl)-D-cyclohexylalanyl-N-[[4-(aminoiminomethyl-2,6-difluorophenyl]methyl]-L-proli- 
namide. 

15. A compound or salt or solvate thereof as claimed in Claim 2 which compound is N-(carboxymethyl)-D- 
cyclohexylalanyl-N-[[4-(aminoiminomethyl)phenyl]methyl]-L-prolinamide. 

16. A compound or salt or solvate thereof as claimed in Claim 2 which compound is N-(carboxymethyl)-D- 
cyclohexylalanyl-N-[[5-(aminoiminomethyl)thiophen-2-yl]methyl]-L-prolinamide. 

17. A pharmaceutical formulation comprising in association with a pharmaceutical^ acceptable carrier, dilu- 
ent, or excipient, a compound of Formula I, la, lb or Ic, or a pharmaceutical^ acceptable salt or solvate 
thereof, as claimed in any one of Claims 1-16. 

18. A process for preparing a compound having the Formula I 

X-Y-NH-(CH 2 ) r -G I 
as claimed in any one of Claims 1-9 which comprises 

a) removing simultaneously or sequentially the protecting group(s) P of a corresponding compound of 
Formula II 

(P)X-Y-NH-(CH 2 ) r -G(P) II 
wherein (P)X represents a radical X which may bear one or more protecting groups P independently 
selected from an amino acid protecting group P for a compound of Formula I in which X includes a basic 
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NH moiety and a carboxy protecting group P for a compound of Formula I in which X includes a carboxy 
residue and G(P) represents a radical G which may bear one or more independently selected amino 
protecting groups P; or 
b) for a compound of Formula I in which R is 

NH 

II 

-C-NH 2 t 

by hydrogenolysis of a corresponding compound of Formula I in which R is 

NOH 

II 

-C-NH 2 . 

and whereafter, when a salt of the compound of Formula I is required, forming the salt with a 
pharmaceutically acceptable acid. 

Amethod of inhibiting thrombin in a mammal comprising administering an effective dose of a compound, 
or a pharmaceutically acceptable salt or solvate thereof, as claimed in anyone of Claims 1-16 to a mammal 
requiring thrombin inhibition. 



141 



EP 0 672 658 A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



which under Rule 45 of the European Patent Convention EP 95 30 
shall be considered, for the purposes of subsequent 
proceedings, as the European search report 



Application Number 

1374 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int.C1.6) 



P,X 



P,D, 
X 



D,X 



D,X 



J . MED . CHEM . , 

vol . 37, no. 14, 8 July 1994 
pages 2122-2124, 

IWANOWICZ ET AL 'Retro-Binding Tripeptide 
Thrombin Active-Site Inhibitors' 
Tables 2 and 3 

EP-A-0 601 459 (BRISTOL-MYERS SqUIBB) 15 
June 1994 

* claim 1 * 

WO-A-93 11152 (AKTIEBOLAGET ASTRA) 10 June 
1993 

* claim 1 * 

J. MED. CHEM., 

vol. 36, no. 3, 1993 

pages 314-319, 

SHUMAN ET AL 'Highly Selective Tripeptide 
Thrombin Inhibitors* 
Page 315, 5f 

EP-A-0 542 525 (ELI LILLY) 19 May 1993 

* claim 1 * 

-/~ 



C07D207/16 

A61K31/41 

C07D403/12 

C07D401/06 

C07D409/12 

C07D401/12 

C07C257/18 



TECHNICAL FIELDS 
SEARCHED flM.Cl.6) 



C07D 
A61K 



INCOMPLETE SEARCH 



The Search Division considers that the present European patent application does not comply with 
the provisions of the European Patent Convention to such an extent that it is not possible to carry 



out a meaningful search into the state of the art on the basis of s 
Claims searched completely : 
Claims searched incompletely : 



s of the claims 



i for the limitation of the search: 



see sheet C 



Place ef tearca 


Date of conplettoa of tie Bearch 




MUNICH 


4 July 1995 


Gettins, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

r of the same patent family, corresponding 



142 



EP 0 672 658 A1 




Patent PARTIAL EUROPEAN SEARCH REPORT Action Numb* 

EP 95 30 1374 



DOCUMENTS CONSIDERED TO BE RELEVANT 


CLASSIFICATION OF THE 
APPLICATION (IntCL6) 


Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


TECHNICAL FIELDS 
SEARCHED flnt.C1.6) 


X 


EP-A-0 479 489 (ELI LILLY) 8 April 1992 
* claim 1 * 


1 



143 



EP 0 672 658 A1 




EP 95 30 1374 -C- 



INCOMPLETE SEARCH 

Claims searched completely 4-19 
Claims not searched 1-3 

REASON : 

The scope of the claims is so large and the portion which is always present is so small that 
only examples and delimited claims could be searched. 



144 



